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CROSS-REFERENCE- TO RELATED APPLICATIONS 

This application is a continuation-in-part of the 
chain of copending applications: 

I 1. METHOD AND APPARATUS FOR PROCESSING THE DIGITAL 
OUTPUT OF AN INPUT MEANS Serial No. 879,293 filed on Nov. 24, 1969 
now abandoned in favor of a continuing application; 

> 2. FACTORED DATA PROCESSING SYSTEM FOR DEDICATED 
APPLICATIONS Serial No. 101,881 filed on Dec. 28, 1970; 

i 3. CONTROL SYSTEM AND METHOD Serial No. 134,958 
filed on April 19, 1971; 

, 4. CONTROL APPARATUS Serial No. 135,040 filed on 
April 19, 1971; 

i 5. APPARATUS AND METHOD FOR PRODUCING HIGH REGISTRATION 
PHOTO-MASKS Serial No. 229,213 filed April 13, l 9 72 now U.S. Patent 
No. 3,820,894 issued on June 28, 1974; 

nnHmiimrTTTTpp HTTHffllTPflL rplfalOL 3Y3TEM FOR TXniZ 

PROGRAM CHECKOUT, EDITING AND EXECUfWON genial No. 230,872 filed 
on March 1, 1972; // 

7. DATA PROCESSING SttpEM H^VING^A STORED PROGRAM 
COMPUTER DEDICATED TO THE lK^«ICA]^3NM*OL OF A MACHINE 
-SeriaUIo — ^A*? fJll 'j' " *J-fl J, U7; ^_ 

a - a a j p^a iYatuo and method for real t ime maci i ii^ cmgRQ^ 

W ITH A STORED rnoORAM DATA m0CE330R Serial No. 246,867 filed 
on April 24, 197^^ 

9. COMPUTERIZED SYSTEM FOR OPERATOR INTERACTION 
Serial No. 288,24 7 filed on Sept ll', l^T A ***^ ^ ^ ' '/ 

10. STORED PROGRAM DATA PROCESSING SYSTEM FOR DIRECT 
CONTROL OF A MACHINE IN REAL TIME WITH DISCRETE SIGNALS 
Serial No. 291,39*1 filed on Sept 22, 1972; 

11. DIGITAL ARRANGEMENT FOR PROCESSING SQUAREWAVE 
SIGNALS Serial No. 302,771 filed on Nov 1, 1972; 

12. APPARATUS AND METHOD FOR PROVIDING INTERACTIVE 
AUDIO COMMUNICATION Serial No. 325,933 filed on Jan 22, 1973 
now U.S. Patent No. 4,016,540 issued on April 5, 1977; 


i 13. ELECTRONIC CALCULATOR SYSTEM HAVING AUDIO MESSAGES 
FOR OPERATOR INTERACTION Serial No. 325,941 filed on Jan 22, 1973 
now U.S. Patent No. 4,060,8148 issued on Nov, 29, 1977; 

14. ILLUMINATION CONTROL SYSTEM Serial No. 366,714 
filed on June 4, 1973 now U.S. Patentee 3,986,022 Issued on 
Oct 12, 1976; 

-15. DIGITAL SIGNAL PROCESSORFOR_SE; 
CONTROL Serial No-339^a^--Ttj5o>©^ March 9, 1973 now U.S. Patent 
,276 issued on July 5, 1977; 

16. CONTROL SYSTEM AND METHOD Serial No. 339,688 
filed on March 9, 1973; 

17. DATA PROCESSING SYSTEM Serial No. 402,520 filed 
on Oct 1, 1973£/ 

J^^N^ ^OOHrUTB mZED- MUMBRICAL CONTROL SYSTEM I n r lr rt — 

,^0/1.7^7113 filed nn Tnnp 5, 1 974; 

!- J 19. HIGH REGISTRATION PHOTOMASK METHOD AND APPARATUS 
Serial No. 752,751 filed on Dec 20, 1976 now U.S. patent " 
No. 4,120,583 issued on Oct 17, 1978; and 

20. DIGITAL AUDIONIC SYSTEM ■..Serial No. 752,240 

•' all by Gilbert P. Hyatt: 

;: wherein the benefit of the filing dates of this 
chain of copending applications is herein claimed under 
35 USC 120, 35 USC 121, and other authorities provided 
therefor: and 

, " wherein the Instant application is further related to 
applications: 

21. INTERACTIVE CONTROL SYSTEM Serial No. 101,449 
filed on Dec. 28, 1970 by Lee, Cole, Hirsch, Hyatt and Wimmer 
now abandoned in favor of a continuing application; 

i) 22. ADAPTIVE ILLUMINATION SOURCE INTENSITY CONTROL 
DEVICE Serial No. 152,105 filed on June 11, 1971 by Lee, Wimmer, 
and Hyatt now U.S. Patent No. 3,738,242 issued on June 12, 1973; 
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BACKGROUND OF THE INVENTION 


Field of the Invention 
The field of the invention is, a machine control system 

for ffej^&a^4-Q4= 


__ivention is a machine con" 
- and — i-n — uartiuulai a hijg h — x^q^a gtra-t;] ^ n syst 
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af photograph -re — mask a 


oho to - 


— T 3 r o c -€ 



f 2. 


Prior Art 

It is recognized in the prior art th4t good registration 
is required for various photo-chemical ;p/rocesses such as in 
the manufacture of integrated circuits./ The prior art does 
not distinguish between positional accXiracy and registration, 
where good registration is achieved i^idirej^tly in prior art 
equipment by providing good positior 
registration in the magnitude o£/x<fr\ 
required, systems with positic 
of ten millionths inches are! 


txac turfed by /the 
Game^ 


d th0 Ster 


rfacy. When 
I[l4^nths inches is 
3y in the magnitude 
pro^ide-d tfo achieve this range 
sy/Stems/a*re tyypifTted by the Photorepeater 
ptvid W. Mann Company; 
iel 6^0, manufactured by 
Repeat machine , 
tur^d' w 5y' the Jade Corporation. These 
ra-high accuracy positioning 
with a projection exposureT technique • They are very expensive, 
very complex, and are liryited in the registration precision 
that can be provided. 

Prior art machine fcontrol systems utilise hardwired 
logic to process data /ind to control the machine. The prior 
art has been discussed* in detail in the copending applications 
. Jb. h,a.t.„..ar_e._ii e xej, n _Lri cp rjpp rated- by - r efe re n c e . . . . .... 


of registration. These 
System, Series 1795. mani 
the Automated Microflas 
Opto-Mechanisms Inc.; 
Model 4-M-10AXYL, manufai 
prior art systems provid 



23. ADAPTIVE ILLUMINATION CONTROL DEVICE <SeriaTl> 
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No. filed on Jan, 22, 1973 by Lee, Wimmer, and Hyatt 

now U.S.(^at¥n£ No * ^iJ^Xil 11 lssued on Dec ( 16, 1975; 

P 2 4 . ILLUMINATION CONTROL SYSTEM (Serial > No . 327,918 


filed Jan ( 30 , 1973 by Lee, Wimmer and Hyatt now patent 
No. 3, 818 , 496 issued on June 18, 1974; 


25- INTERACTIVE CONTROL SYSTEM Serial) No . 354,590 

_£> ' ^3 — 

filed on^A- pri l> 24, 1973 by Lee, Cole, Hirsch, Hyatt, and Wimmer 
^ *^ 

now U.S. (P'aterrg} No. 4,038,640 issued on July 26, 1977; -etnd- 
/O — 6 - 

K 26 . MEANS AND METHOD FOR SELECTIVELY CONTROLLING 

<b t 

ANIMALS ^Serial: ^N o . 438,328 filed on Jan, 31, 1974 by Lee and 

e> 6 — — - . 

Hyatt now U . S . <P a'fenfr No. 3,897,753 issued on Aug, 5, 19751 J 
— ^ " % j3 _ l 



wherein all of the above-mentioned applications are 
herein incorporated by reference as if fully set forth at 
/?length herein. The relationships between the instant application 
and the above-referenced applications incorporated by reference 
are apparent based upon the common matter and related matter in 
the various referenced applications and in the instant application. 


SUMMARY . OF THE INVENTION 

Precision photographic masks are required for various 
photographic processes such as photo-chemical processes 
which are used in the \ manufacture of integrated circuits, 
printed circuits, t hint film hybrid circuits, thick film hybrid 
circuits, chemical milling, and other such applications. In 
these processes, mask Registration is of primary importance; 
where mask positioning accuracy is only a secondary consideration. 
This invention provides! a simple, inexpensive apparatus and 
method to produce high registration masks. This invention 
will be described for alphoto/chemical. process used in the 
manufacture of integrated ^circuits, Jit should be understood 
that any reference to anlAntegrated /circuit mask making 


system is inteny.-cd to include 


System wherein high registration 
capability is to be prcivilded. T^e particular system discussed 
herein is one class off such deyic\es. 
The integrated cijrcul 


photo-chemical process!, wl| 
circuit dice are batch \f a 
wafer. The integrated c^i 
selective diffusions, depc^ 
The areas to be affected ar 


\ng process is a 

array of integrated 
'a. single semiconductor 
6b built up with layers of 
'is, and etching process steps, 
selected with a photoresist 


process, exposed through phptographic masks. This process is 

described in detail in the look Integrated Circuits, Edited 

by Raymond M. Warner Jr. andl James N. Fordemwalt, published 

by the McGraw-Hill Book Company; incorporated herein by reference. 

The multitude of dice om a wafer are' eventually separated 
from one another with a scrioing operation. Because each die 
is independent of all other dn.ce when separated, the positional 
accuracy of one die on a wafer relative to another die 
on that wafer is only of secondary importance. 
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The multitude of process ste|>s required to complete an 
integrated circuit wafer may excek twenty steps. Many of 
these process steps are photo-chetnical steps, requiring the 
selective exposure of photoresist/ through an optical mask, 
then the removal of the masked portion of photoresist to 
permit selective diffusions or oWher process operations. It 
is necessary that these selective operations precisely overlay 
other preceeding or following operations to provide controlled 
die characteristics. The measure of this overlay characteristic 
is known as registration. 


In the manufacture of intfl 
is critical. Each successive 
other masks. Corresponding aij 


ted 


sk must 


when the masks are aligned , on 
In this invention, it hap 
accuracy is not necessary foij 
invention provides a system 
accuracy but relatively good 
unnecessary position accuraq 
to be provided tha\t can gen* 


bee 


Lth 


Lrcuits, registration 
Agister with all 
?*ch die must register 
4p of the other. 

2cognized-sthat good position 
sgistratiorf, where this 
Relatively/poor positional 
^stratio^r^ The sacrifice of 
brmits/a very low cost system 
a.te the highest levels of registration. 
This invention ^e^imi^i^i/tes the need for expensive, complex 
prior art devices used to Achieve high accuracy prints in prior 
art systems such as air bearing supports, interferometer 
sensors, and complex optic/s; yet provides a low cost, simple 
system with high registration. In addition, error mechanisms 
associated with the prior/ art projection systems such as focusing 
and distortions are eliminated with the contact print system 
of this invention. 

Registration between the printed masks generated with the system 
of this invention is primarily a function of the dimensional 
stability of the master/ and the film. The master and film 
typically have glass substrates which provides good dimensional 
stability. The photo-irocess operations are typically performed^ 
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in a clean room thai; has a precise environmental control system 
to insure stability of the master and/film. Also, the contact 
print process for emulsion to emulsifin prints provides masks 
without measurable loss in precision. This assures levels of 
5 registration that is not possible with prior art projection 
type systems • / 

A system is described which/includes a control - subsystem 
and a machine subsystem for generating high registration 
photographs. In this embodimenfb, the film is translated in 

1° an X direction and a Y direction directly under the master. 
A Z axis contact print device /containing a master is held 
above the film mounted on the / translating taole. At appropriate 
times, this Z axis device is /actuated to briJlg the master into 
contact with the film. The/fiTllumi nation source is then permitted 

15 to selectively expose the^fllm through jferhe master for a contact 
print. The Z axis device lAien reVa^tsJ.o_-ppa vide clearance 
to translate the film to aj new prirjt position/ 

A parts program me/mo ry is provided irn a numerical 
control system for/ storiri a parts/ progpam. A parts program 

20 stored therein majf be edited due/to ±ne electrically alterable 
characteristic of Vthe parts program memory and due to the 
computational capatfilimr of/the. stored program data processor. 
A parts programmer is therefore permitted to load a parts 
program, store the parts program in the memory, execute the 

25 stored parts program /to isolate errors, edit the stored 

parts program to correct the errors, then record the corrected 
parts program on bo"8h a tape and a printed listing, and finally 
provide the numerical control system to production having a 
stored parts prografa that is fully check-out for generating 

30 parts. This capability enhances the parts program checkout 

and correction operations, reducing non-productive operations^ 
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25 


and reducing the need for a remote/ large scale computer 
for parts programming operations. 

The data processor dedicafced to the numerical control 
system of this invention executes parts program and operator 
commands to control a machine in/ real time to generate a 
part. The data processor communicates substantially directly 


with peripheral subsystems sue) 
panel, servos, and a machine tJ 
and to improve flexibility un<|er 
numerical control systems / areJ 


program control 


with "hardwired" logic/ and la/mi ted capabi 
The stored program ^ata processor ai ran, 
significantly improves capability 


, operator 
Iduce hardware Jint erf aces 

Prior art 
1 purpose (/arrangements 

and flexibility, 
iment of this invention 
i?y through 


ITexibili 


such operation under progr< 
The data/ processor 
operates in real time as 
of the electro-mechanical 
machine, where prior art 
operate in real \time bu£ ha; 
as a "hardwired 


contrc/1 . 


t of -thLs invention 
the operational requirements 
e system such as the 
ssor arrangements do not 
special purpose equipment such 
control system to convert parts 


arrange/r 
felated 


devic 


ata 


program inforraation^S'real time machine commands . 

A numerical control system using a stored program 
data processor operating under program control to perform 
numerical control operations according to the teachings of 
this invention reduce/s special purpose hardware yielding 
reduced costs, where/this computerized numerical control 
system is low in cosft yet provides the computational capability 
and flexibility of k stored program data processor to enhance 
substantially all ifhases of numerical control operation. 
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An object of this invention is to /provide a system Tor 
producing high registration masks. 

A further object of this inventyon is to provide a practical 
contact printing system. 

A further object of this invention is to provide a high 
registration mask making system tMat eli minates the expense 


and inaccuracies of photographic-^ 

A further object of ^^? £ 
registration mask making ^systej/ 
of a high accuracy posit/ionini 


progecti&n devices, 

s to provide a high 
iminates the expense 


on is* to provide a contact 
e contact prints, 
ntion is to provide good 


Another objective/of this inyenti 
print machine capable /of providi/ig pre 

Still another o^jecy 
registration with a low ac/cur^Jy machine wherein positional errors 
are common to all masks afnd thereby reducing the effect on 
registration . 

Yet another objeclc of this invention is to provide 
an improved control system. 

Still another objective of this invention is to provide 
a method for generating high registration contact prints. 

The forgoing and other objects, features, and advantages 
of this invention/ will be apparent from the following detailed 
description of p/ef erred embodiments of this invention, as 
illustrated in /bhe accompaning drawings. 
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fZ BRIEF DESCRIPTION OF THE DRAWINGS 

if^ A better understanding of the invention may be had 
from a consideration of the detailed description hereinafter 
taken in conjunction with the drawings, as briefly described 
5 below. 

P I IiJI• 1 is a schematic and block diagram representation 
of the system of the present invention comprising FigSj. 1A', 
IB and 1C wherein Fig. 1A is a schematic and block-diagram 
representation of a machine control system. Fig. IB is a block 
10 diagram representation of a data processor, and Fig. lC-is a 
schematic and block diagram representation of a contact print 
machine . 

ft Fig. 2 is a schematic and block diagram representation 
of an operator panel comprising Figs. 2A and 2B wherein Fig. 2A 
15 shows a front view of the operator panel and Fig. 2B shows a 
front view of the . operator panel that is partly broken av/ay 
and panel circuit components. 

Fig. 3 is a flow diagram representation of system operations 
comprising Figs. 3A- 3C- showing flow diagrams of various system 
20 operations. 

Fig. 4 is a schematic representation of high registration 
contact print operations comiDrising Figs. 4A-*4-E showing 
sequential operations. 

Fig. 5 is a schematic and block diagram representation 
25 of the system IFA comprising Fig. 5A showing IFA-1 logic, 

Figs. 5B and 5C showing IFA-2 logic, and Fig. 5D showing the 
form in which Figs. 5B and 5G connect together. 

Fig. 6 is a schematic and block diagram representation 
of IFA-3 logic. 

30 Fig. 7 is a schematic and block diagram representation 

of the operator 'panel comprising Fig. 7A showing logic for 
communication between the data processor and the operator panel 
and Fig. 7B showing logic for a numeric display. 



Fig. 8 is a flow diagram representation of further 

system operations comprising Figs. 8A-8C showing flow diagrams 

N 

of various system operations. 

Fig. 9 is a schematic and block diagram representation 
5 of an arrangement for communication between a data processor 
and a machine comprising Figs. 9Aand 9B showing different 
embodiments of the communication arrangement. 

By way of introduction of the illustrated embodiments, 
the components shown in Figs. 1 through 9 of the drawings 

10 have been assigned general reference numerals and a brief 

description of each such component is given in the following 
description. The components in each figure have in general 
been assigned three digit reference numerals wherein the 
hundreds digit of the reference numeral is related to the figure 

15 number where for example the components in Fig. 1 have reference 
numerals between 100 and 199 and the components in Fig. 2 have 

reference numerals between 200 and 299 except that the same 

lb* 

component appearing in successive drawing . figures has maintained 
the first reference numeral. 
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DETAILED DESCRIPTION OF THE INVENTION 


P A. 


. system can t^ke any one of a number 
ft - l arcf c 



of possible forms 
invention is shown in Fie: 
5 hereafter. The principles of -%**e- high registration contact 
S pT'ri n± , nperatioRs - 


bS- embodiment of the present 
1A-1C and will be described in detail 


«-=tetng desc ription uJ — ttre — pre# 

Contact Exposure 

With refere 
10 controls the machi 

preferred embodime 

in copending appli 

Dedicated Applicat 

is incorporated he 
15 is connected to th 

cabling 101. The 

an X translational 

and a Z translational 

198 translates in the 
20 of the drawing) 

192 through the 

199 translates i 
driven by the Y 



mplo fr.illu3tf |ft§^ 


through 


su osy stem 100 
operations. The 

100 is described 
ing System For 
d this disclosure 
ntrol subsystem 100 
th interconnection 
Structural base 196, 
nal device 199t 
X translational device 
perpendicular to the plane 
91 driven by the X drive 
Y translational device 
n Y bearing surfaces 177 
195. The Z 


printing device 136 is mounted on the overhead/structure 196 
to provide Z axis motion 134 for contact printing of the master 
132 on the film 131- The control subsyster/ 100 generates 
X drive signals to control the X drive iy2 ana Y drive signal-s 
5 to control the Y drive 197 to position /the X translational 

device 198 and the Y translational device 199_Jt_o__the commanded 
positions. The control subsystem LOO^a-lso generates Z actuation 
signals and lamp exposure signals/to perform theycontact printing 
operations. The terms "conta,^ and tK iej-tr-ac^>^ are herein intended 

10 to be related to the direc^ti^n sex^arat^n^^ve^nas-ter image 
and illumination sensitive /nedium, or/to the direction 
substantially perpend ii/uLar to the -planes o-f the master image 
and illumination sensitive medium/ which is the z direction. 
The term ''contact" maK/ be related to reducing the separating 

15 distance and the te^ \retpac t " may be related to increasing 

the separating distance. Contact or retract motion and devices 
are intended to lie related to the contact direction. The term 
"positioning" lis herein intended to be related to the direction 
perpendicular/ to the contact direction, which may be the 

20 X direction/; or the Y direction, or both the X and Y directions. 
Positioning motion and devices are intended to be related to 
the posi/tioning direction. 
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The Y translational device 199 provides fy6r mounting of 
the film 131 and for translation of the film/131 in the Y 
direction 135. The term film herein refers/ to the illumination 
sensitive medium '■vhich is exposed to i 1 li/rninat i o n t^rcu^h the 
master imaee . In a preferred embodiment, the film is a photo- 
sensitized glass plate which is selectively exposed to light 
through the master. The X translatic/nal devi ce 1 98 is used 
to translate the Y translation devijfce^l^9 in the X direction 
133 relative to the base 196. J^f upper base structure 196 
mounts the Z printing device/1 3<y whiTchVs us^rd for bringing 
the master 132 into contac4 wiltti the fiAj*Tl31. The Z printing 

;tuatop^58 and moj^es in the Z 
Precision aligmient surfaces 1*4-2 
can be used to cont'rol the/ contact ypre^s-sure between the film 131 
and the master 132. A pyoximity/s-ensor 1^4 such as a switch 
detects when the /mask iys near/contact with the film. A contact 
sensor 145 such as a switch/detects when the mask is in contact 
with the film. oVher ppoximity and contact sensors and 
arrangements will n<sw become obvious to those skilled in 
the art. The con-tfact sensor 1^5 may provide an interlock to 
inhibit motion i/ the X direction 133 and the Y direction 135 
during the con-bact print operation. The proximity- sensor 1^4 
may be used to/ control system operation when the film 131 and 
the master 1Y2 are not in contact but close to contact. 


device 136 is driven ^irth Z 
direction 13^ on guides 140 


20 


25 


In this preferred embodiment, the main structure 196 
carries the weight of the Z translation device 136, the guides 1^0, 
the Z actuator 138* "the illumination sourtfe l^y , and various 
other devices associated with the Z prin/cing device 136. The X 
translational device 198 and Y translatlonal device 199 are 
shown carrying the film, where the devices that must be translated 
are minimized with this embodiment. / The ma jor weight is carried 
by the main structure 196 and not loy>the X and ¥ translational 
devices. The Z motion 134 of thy Z\ printing dervice 136 has 
associated Z accel'eration^eact/on forces, ^nich are also 
supported by the main ^structure 

Many alternate embodiments will/fiow become obvious to those 


skilled in the ar 


te ei 

t/ < 


/ 


One aVternai 


am-bod-i-m e n t mounts 


the Z printing device 136/ on the 7 Y transnational device 199. 


/ 


Still another embodimen 


the Y/bearing surfaces 177 


on the structural base/ 1 96 , /vheire^the base 196 directly carries 
the weight of the Y ^ransl^fe-lonal device 199 • In that 
embodiment, the fiXm-3rjf5r may be mounted on the X translational 
device 198 and thp maLSter 132 with the associated contact 
printing devicesT'lnay be mounted on the Y translational device 199 
for relative ty/o dimensional motion therebetween. 

Alignment surfaces 1^4-2 and sensors 14-4 and 1^5 may be 
adjustable jo provide for film and master thickness. This 
adjustment/can also provide for control of the contact pressure 
between lyhe film 131 and the master 132. Alignment of the 
film 131/ and the master 132 in the X-Y plane during contact 
can be /accomplished by the relative adjustment of the alignment 
surfaces l**2. 
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Compliance in -the Z direction 13*+ will insure good contact 
between the film 131 and the master 132. This compliance 
can be provided in the film mounting Y translational member 199, 
the master mounting base 1^9 , the alignment surfaces 1^2 , or 
other devices for providing compliance. Where the film 131 
and master 132 contact surfaces are flay to precision requirements 
such as with ground glass plates, a rig/id contact without 
significant compliance can be provided/; but adjustment of 
the alignment surfaces will be more critical to provide proper 
contact pressure. 

The mounting of the film Jo the Y transnational device 199 

and the master 132 to the ^transyational devi/e 136 can be 
performed with spring ^cllps, vacuum devices jtfr other devices 
that will now be obvious to-thoyfee skilled/in the art. 

Lative angular 

orientation of the master and/ f i 3^/^W«id---b^e repeatable for 
each contact print. As will/ 


In a preferred embodiment 
the 


1 


^closed iri detail hereafter, 
position erro'rs will not ad^erse]^ affecj/xhe registration 
because all /of the printed/ image's thar^ must overlay are 
printed simultaneously anya therefore contain the same positional 


/ 

relationsh: 
affect the \regi 
overlay are 


Similarl^j^Totational errors will not adversely 
because all printed images that must 
rinte^/siyfiultaneously and therefore contain the 


same rotational relationships. It should be noted that rotational 
errors will also produce translational errors, where the 
displacement of a pointed image due to the relative rotation 
of the master and jche film is. proportional to the distance 
from the center of rotation. Because of the distribution of 
images over the area of the master and the film, the tangential 
displacements dufe to rotation may displace images by different 
amounts which m&y result in poor registration. Therefore, 
the relative rdtation of the film and master should 
be kept as sm^ft.1 as possible and special apparatus may be 
provided to a/chieve good orientation repeatability in the 

presence of £>oor positional precision. 
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A device will now be described to reduce relative rotation 
or the film and master. The Z printing device 136 translates 
in the Z direction 13^- under control of /the Z actuator 138. 
Precision taper guides 1^0 are provided' to direct the Z printing 
device 136 as it translates toward the/ Y translational' device 
199. where the taper will increase to/ control !;he orientation 
of the Z printing device 136 as it approaches the Y translational 
device. In addition, the X transla/tional device 198 and the 

Y translational device 199 may haVe tightly fitting and 
precision bearings and slides to Minimize rotation about the 
Z axis 13^. \ ^ 

Another device for reducing relative! raftation between 
the film 131 and the master 132 will nowJbe described with 
reference to Fig. ic/ The z/ transla^ionil device 136 contains 
a Z groove device/187 which/is or j^^nted /closely with a 

Y groove device/189 contained on the Y/ translational device 199 . 
Shen contact i/s made between the filjn 131 arid the master 132, 

1 ' / / 

the Z groove/ device 18? yinterlocks/w^/th-^he Y groove device 189 

jrienta-lfion between the film 131 
and the master 132, ^Hre'f^d^vices for reducing rotation - 
between the Nfilm 131 And/the master 132 will now become obvious 
to those skilled — arrf^he art. 

An illumination source 1^8 is provided for exposing the 
film 131 through the master 132. The illumination is conducted 
fx-om the illumination source 1*4-8 to a diffuser 1*4-9 which 
distributes the illumination across the master 132 to provide 
suitable illumination. Various illumination conductor and 
diffuser devices can be used such as lucite panels, frosted 
glass, or other devices which will now become obvious to those 
skilled in thie art/ 


to provide for rotation 
sier 132. OVt 


25 


Precision collimated illumination can be used most 
efficiently when it is directed only to /the master die image 
areas that need be illuminated, which n\ky comprise only a 
fraction of one percent of the illumination required to illuminate 
the total master area. One embodiment is shown in Fig. 1C 
wherein the illumination source 1^8 generates illumination 
which is processed by lens system 18/5 to provide processed 
illumination to fiber optic bundles/ 186. These bundles 186 
are each positioned to illuminate p. master die image 188 
on the master 132. A posi tioning/devipe---tf9 N ^s used to position 
the bundles 186 and can provide a>i adjustable 4 rran S eme nt for 
positioning the bundles 186 over/ the die imaged 188. A mount 
such as diffuser 1^+9 can be/provided £pr mourning and illumina- 

nbqc 


ting the master 132. An alternate em 


/ 


15 separate illumination source y48 and illumination processing 


/ 

positioning device 19/0 is dejfeirabl 
configurations to be/ general! 
selective illumination mear/s will 
skilled in the art/ 

Excitation of the ilZLumi 


it would provide a 


device 185 for each master diye image/188. An adjustable 

masks of various 
ts of this 

^b^ious to those 


after contact has /been m; 


If the illumination source 


as with an incandesced 
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tan be initiated 
e film 131 and the master 132. 
as a long time constant such 
an anticipatory illumination 
control can be prov4.de£ -tjsf excite the illumination source 1^8 
prior to contact for Reducing the time delay to achieve the 
required illumination after contact. The light source control 
signal can be generated from the control subsystem 100, the 
proximity sensor lV^, the contact sensor 1^5 » or other means 
A combined illumination source control can be implemented 


where the control subsystem 100 can enable the illumination 
source excitation and the contact sensor 1^5 can excite the 
illumination source 1^8 when a contact/print is performed, but 
only if enabled. An alternate embodiment would provide a 
5 shutter 19^ associated with the illumination source 1^-8 to 
precisely control the exposure time/. The shutter 19^ could 
be controlled by a signal such as /from the control subsystem 100 
or from the contact sensor 1^5. / 

The illumination source may be (l) an incandescent 

10 lamp such as tungsten, quartz iodit.e-r'Otstungsten halogen; 
(2) a solid state lamp such aa-'a lighte emitting diode or an 
electro-luminescent panel; (3) a gas 3Jamt/ such as a Xencn 
flash tube ; (4) or other illumination Jsource. 

It is to be noted that registration is a primary consideration, 
15 where static accuracy is only a/seconflary consideration 

and dynamic accuracy is only<_a — teT^iarjT^bpnsi deration . Therefore, 
effects such as inaccuracies in. following a path and overshot 
of the final position nfay be of liit>s concern. Maximum 
translational velocity from one^osition to the next position 
20 can be provided withcyut uijd-ue emphasis on machine dynamics. 
Rapid acceleration ajia deceleration may be provided because 
the final registration may/be relatively independent of machine 
dynamics such as resonance and overshoot. Even if resonance, 
overshoot, or other s*fch dynamic effects are not damped out 
2 5 before the cor^feaXtprint operation is performed, these dynamic 
effects contribute only to position errors, but not to 
registration errors. 

Rapid actuation of the Z actuator 138 increases throughput 
without significantly degrading positioning accuracy or 
30 registration. Repositioning can be initiated prior to full 
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retraction of the Z printing device 136, wher/e X-Y motion can be 
enabled immediately after the film 131 and njaster 132 surface 
are apart, as sensed by a proximity sensor A 44 or a contact 
sensor 145. In addition, actuation of the/ contact print 
operation . with the Z printing device 136 /can be enabled 
immediately prior to obtaining the finay position of the X 
translation device 198 and the Y translation device 199, where 
the time constant associated with the $L actuator 138 and the 
time to translate to a contact condition will permit the 
10 x translational device 198 and the YJ trans la tional device 199 
to reach their commanded positions Anticipatory time delays 
can be used to maximize the speed 6f operation by performing 
compatible operations simultaneously instead— e-f sequentially. 
For example, the Z axis contact *rint/translatijt>n can be 
15 initiated shortly before the X-^/final positio-h is reached 

because of the time to translate the Z translation device from 
a retracted to a contact posimon will pejrmit the X-Y final 
position to be reached. /\ Similarly , -%fx&^%-Y axis) translation 
can be initiated shortly af tyer the Z tr^nslatip^ial. device has 
started to retract but befojre the fulljf redacted Z position 
has been achieved. /These alnti c i pato^yc^ommands can be 
provided from the cbntrol /subsystem/ 100 . 

An alternate contrc/1 embodiment for the contact print 
operation will provide wkpid Zyfnotion when the film 131 
25 and master 132 are far j&par^< but slow Z motion when the film 
131 and master 132 aretelose together. This 2 motion control 
can be provided by a Proximity sensor 144, where Z motion is 
rapid when the proximity sensor 144 is not activated but Z 
motion is slow when yjbhe sensor 144 is activated. For this 
30 embodiment, the Z translational device 136 will translate 
rapidly until the fiensor 144 is activated, then translate 
slowly until contact is made. For retraction, the Z translation 
device 136 will translate slowly until the sensor 144 is 
deactivated, theft translate rapidly to the retracted position. 
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The Z distance 1^6 between the film 1^1 and the master- 
132 must provide sufficient clearance fo}/ loading new film 131 
and new masters 132 during the setup operation. This Z 
distance 1^6 should be minimized for /ontact print operations 
to minimize the actuation and retrac/bion time for the Z printing 
device 136. The clearance for loading may be a thousand times 
greater than the clearance for pmntirif^p^jrations. For loading, 
a Z clearance 146 of several inAes ma-y\ be/ required . For printing, 
a small Z clearance 1^6, poslsi/bly less nma.n a thousandth inch 
may be sufficient. Therefor/, use o^jk first large clearance 


for loading operations and /a. 


operations may both be^us^d 


clearance for printing 
stem of this invention, 
translation device may be 
vipYe access to the film 131 and master 


As an alternate embod-im 
15 removable for loading! 
132. 

The control subsystem 100 accepts digital data inputs such 
as through a tape /reader, switches, or other known devices. 
These inputs define the exposure conditions, machine operations, 
and exposure positions. The control subsystem 100 processes 
this input da/fca and controls the machine to perform the 

required operations. 
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25 


Contact Exposure Open 


The details of the high registration contact printins 


process will next be 
to Fig. U- , which repr 
contact printing proce 


tions 


iescribed by way of example with reference 
bsents successive operations in the 
sss of this invention. The master 132 
is shown with only t\^o die images 4-02 and ^04 for clarity. 
In the integrated circuit process, ten die images for ten 
different process majbks is not unusual. It should be noted 
that a cluster or arfray of prints of each die ima r ~e and 
^26 are separated irjto individual jslustersi or arrays, where 
each cluster of pri/its of the s^me master /die image forms a 
mask for one step off the php4o-chelical /process. Similarly, 
for clarity only three c/ntact pz/inl^ng operations are shown 
in Fig. 4A, 4B, anf 4C./ In the iA£e-gra"Ted ^circuit process, 
four hundred printjing /operations /may be u^ed to generate four 
hundred integrate^ circuit dice /on the/wafer and, in the transistor 
process, one thousand printing /operations may be used to generate 


one thousand tranfei 
forms one die pri/nt 
die on an integr?.t 
only a single X pimen 


tor dice^/where each printing operation 
on each yhask that corresponds to a particular 
uY~t wafer. Similarly, for clarity 
al array of die images are discussed. 


30 


In the integrated circuit process, this X dimensional row is 
duplicated many/ times in the Y dimension for a two dimensional 
row and column array of die prints. 

Three succfessive die printing operations are shown in 
Fig. UA, *4-B, aipd 4-C . The division of the two printed masks 
is shown in Fij^. *4-D and the overlay of the two masks is shown 
in Fig. ^3. Tfhe triangular shapes of the two master die images 
were selected (to make obvious the registration of the two 
clusters ^28 In Fig. 4'E 
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2 5 


Now referring to Fig 
master die image 402 and the 
used to make a first contact 
the first die image 402 makes 
die image 408 and the second 
print of the second die image 
of the first die prints 408 
relative positions of the m 

In Fig. 43, the machin 
step distance 4ll from the 
the master 132 with the fir 
image 404 is used to make a 
where the first die image 
first die image 4l4 and tl 


15 second print of the second 

of the second die prints 4)4/4 
relative positions or the 
relative distances/ betwe 
image 408 and the fsecond/pri 

2 is the distance 43! 1, whi/ch- 


the relative positio 


30 



■ 132 with the first 
r die image 404 is 

film 131; where 
irint of the first 
4 makes the first 
elative positions 
dentical to the 
;es 402 and 404 . 
d the film 131 a first 
rint position. Now 
image ^+03 and the second die 
contact print on the film 131, 
the/second print of the 
mage 404 makes the 
4l^_^ The relative positions 
6 are Adentical to the 
ie images 402 and 404. The 
f/Lrs-f print of the first die 
f the first die image 4l4 
tional errors 


the X directionVand Jthe/Y direction "but is identical to 


between the first print of the second 


die image 4l0 and the7second print of the second die image 4l6 t 
>?hich is also distance 4ll. 

This distance 4yil is shown in exaggerated form to demonstrate 
the concept of good ^registration in conjunction with poor 
positional accuracy! The amount of displacement and the direction 
of displacement is/ /only of secondary concern "because the 
relation between /the first and second die prints for each die 
image is the samd J X distance 4ll and Y distance 430. These 
positional relationships between corresponding prints of a 
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die image are the same for each cluster <£f die prints . Therefore, 
-the registration between these clusters /will not be affected 
by the positional relationships within /each cluster. 

In Fig. 4c . the machine has moved/ the film 131 a second 
step distance 4i8 from the second conitact print position. 
Now the master 132 with the first dlf image 402 and the second 
die image 404 is used to make a th^rd contact print on the 
film 131, where the first die image/ 402 makes the third print 
of the first die image 420 and the/ second die image 404 makes 
the third print of the second die/image 422. The relative 
positions of the third prints 420 and 422 are identical to ' 


the relative positions of the m; 
The relative distances between' 
die image 4l4 and the third pr 
is distance 4i8 , which may co^ftai 
X direction and the J/ direct] 
positions between the seconc 


ster die 


he second 


and the third r>ri A of the 
distance 4l8 . This distarn 
th 


to demonstrate 


e conceptf of goo^ ry 


es 402 and 404. 
int of the first 
nt of the/first die image 420 
tion errors in the 
identical to the relative 
cond die image 4l6 
age 422 ; which is also 
wn in exaggerated form 
gistration in conjunction 


print of 
second die 
le 4l8 is 


the 


2 5 with poor positional acc 
Only the X \dis 
considered. Nowxthe Y qfi 
be discussed. In F 


;pla 


the die images have been 
■^merits of the die images will 
the Y position of the first and 
third die prints of th4 first die image 408 and 420 ar.e shown 
30 with the same Y displacement . The Y position of the second 
die print of the first die image 4l4 is shown displaced in 
the Y direction by /he Y distance 430. This Y distance 430 
is a positional errfor shown in exaggerated form to demonstrate 
the concept of goc/d registration in conjunction with poor 
35 positional accuracy. This positional error has been introduced 
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30 


because the film 131 has been displaced/in "the Y direction 
relative to the master 132. Therefore/ the second print of 
the second die image 4l6 was also displaced by the Y distance 430 
relative to che Y position of the first and third die prints 
of the second die image 4l0 and 422/ 3ecause this Y positional 
error 430 is common to both clusteyrs 424 and 426, the registration 
between these two clusters will b^fe unaffected by this Y 
positional error as will be shovyh in the following description 
of Fig. 4D and Fig. 4E. 

irst cluster of orints of 

uster of prints of 


10 As shown in Fig. 4c , the 

the first die image 424 and 
the second die image 426 ar< 
independent clusters shown 
the various prints of th 
15 424 are not equal, where 
to the second distance 4 
die image 4l0, 4l6,/and/42 
itionaG. i 


di 


n^Fif 


Lded 


he first 


The 


the same pos 


first die image 4.08, Y14, and' 


L 


iosition 427 to provide 
The distances between 
mage in the first cluster 
tanpe 4ll is not equal 
prints of the second 
econd cluster 426 have 
s the various prints of the 
20 in the first cluster 424. 
ster 424 and the second cluster 426 
r and one die print of the first 
e die print 408 ) is placed over the 
of the second cluster 426 (for that 
example, it is die/ print 4i0); then all first die prints 
precisely overlay/ with all second die prints as shown in 
Fig. 4E, where t$e combination of overlaved clusters 42R have 
good registration. The precision of this registration is 
relatively independent of the positional errors associated 
with each primt operation, and is primarily a function of the 
stability of /the die image representations 402 and 404 on 
the master 132. 


Therefore, when the 
are placed over 
cluster 424 (for 
corresponding die 


fvple 
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If a large number of print steps yare performed in a 
two dimensional x-Y array, then a large array of die prints 
of each die image will be provided fpr each clusters where 
each cluster will represent a wafer /mask for one step in the 
photo-chemical process for producing a semiconductor wafer. 
Four hundred' die images- are typicafl. for a single integrated 
circuit wafer. 

If a large number of master /die images are provided in 
a two dimensional X-Y array on ^he^mCster (sixteen for example) 
then a large number of clusters/ or Ina-sks wil£L be generated 


iters 


(sixteen for this example ) /for/ the varlj.ou^/ photo -chemical 
process steps, where each maslt may be tsed in a different 
operation in the manufacture lot a semiconductor wafer. 

It should now pe obvioufe to o<b_e — ^-k-Hr3red in the art that 
the registration between a large number of/masks can -very 
good although the/ positioning; accur/acv jarf larsre numbers of die 
r>rints on each mask is ver/y ooor. 


The contact^ print ogreratic 


are usually performed in a 


the machine may be provided with a cover to 
glvted room with a covered machine. 


30 


dark room, but 
permit operations N 

After the film is exposed, it must be processed as with well 
known photographic development processes. After processing., 
the film will be divided into individual masks such as masks 
424 and 426 which w|ll usually be mounted in mask frames for 
alignment, handling,/ and mounting. 

The operation />f the contact print operations will be 
better understood py considering a description of the master. 
In the preferred ermbodiment , the master is made by placing 
a plurality of diJfe images 402 and 404 on a master 132 where 
each master die Image will generate a mask. The distance 
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between each die image nay corresrjor^ to the distance between 
centers of the masks to be generate^. For example, the master 
die images might be three inches albart for a two inch diameter 
wafer with one inch clearance between wafer masks. A two 
dimensional array of master die y mages will provide a two 
dimensional array of masks afterf the contact- printing operations 
The X and Y positions of these Jdie images on the master may 
not be precisely controlled because these dimensions only 
define the center to center distance 
masks, which will be separated after 
The angular orientation of these die 


in prior art systems becausj^ the /ro^; 
affect rotational registration betw. 


die image should be rotati 
15 with all other die/ images 


/ 


images as negatives to in; 
die images are /opaque to 
where a die image is to b 


Although' 


/ this inventiJ 



onally ori 

The mas 
ure that 
preclude 
printe 

en described with respect 


array of wafer 
ing process, 
critical as 
rientation will 

Therefore, each 
cisely corresponding 
contain the die 
areas between 
the film except 


2 to a preferred embodiment for rfiaking high registration masks 
with film, it will be recjbgnized that other high registration 
operations can be providld without first generating a mask 
such as by d i r^tly_^e1cpo4 i ng photoresist on a water or substrate. 
The preferred embodiment of this invention is characterized 
2 5 by relatively large mounting devices for the film 131 and 
master 132 with relatively small displacements of the X 
translational device 19Q and the Y translational device 199. 
The film and master dimensions may be twelve inches square 
to provide sixteen mafsks in a four by four array with three 
30 inch spacing between/ centers . The X and Y displacements may 
be only two inches based upon the diameter of a typical wafer 
mask or may be up Jto four inches for large masks. 
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Contact: Exposure Ado Lications 


The system 


described above for- generating high registration masks 


using a plurality of 
operations. This im 


increased productivit 
Prior art integrated 
resist on integrated 
operation. Contact b 
the mask to wear out.j Therefoi 


of the present invention ' h as been 


step and repeat contact print 
ention may also be used to provide 
other capabilities which can be exemplified with a 
description of mask duplication capabilities described 
below. 

In one embcdiment, the system of the present 
invention may provide the further advantages of (1) replac- 
ing prior art mask di. plication equipment and (2) providing 
Y forCvm-gTsk duplication operations 
elrcuit^masks are yused to expose photo- 
circuit Wafers. w/£th a contact exposure 
tween tr\e ma^k and the wafer causes 


circuit masks are limited by 


mited number of contact 
exposure operations . | Because of integrated circuit mask 
wearout, a plurality <Lf production rj^sks are provided which 
are expendable becausl they are /expected to wear out. A 
master mask is maintained fo/ generating these expendable 
production masks and ipecial m4sk duplication equipment is 
used to generate production masks from the master mask. Prior 
art high registration systems cannot be used to duplicate 
masks because the higji registration projection systems can 
only handle a small mister die image having dimensions of 
approximately 1/10 inth and cannot properly handle a wafer 
nask having dimension/s of several inches. -Further, contact 
exposure systems are /used for mask duplication due to the 
improved characteristics obtained by a contact exposure compared 
to a projection exposure. Therefore, the prior art is 
characterized as having special purpose machines for each 
of a plurality of m^/sk exposure operations, .wherein separate 
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above for step ann repeat 
:ont act 


machines aire provided for high regis deration step and 
repeat exposures and for mask duplication exposures- 
Further, prior art mask: duplicating / sys terns only provide 
capability to duplicate a single w^ffer mask: at a tirne- 
The system of the presenft invention provides 
many advantages and distinctions ever prior art systems, 
wherein the system of the pre sen/; invention may provide 
mul tirnachine capabilities including both, high registration 
step and repeat capability and /mask duplication capability 
in the same system. A furtherf advantage is achieved,, wherein 

the system of the present invent i on provide s for the 

simultaneous duplication of ^.^pliirality of .jhasks thereby 
enhancing productivity. 

The systenrshown in Fig. 1 h^erfs been discussed 
3peratj^op^ by providing a. 
plurality of contact exposure ' op erat ions between a master 
mask 132 and' an illumination sensitive jnedium 131. Therefore, 
the sys ten/ of the present/ inverVtion w^ll certainly, provide 
a single/contact exposure/ ope.j/at ijzTn . This single contact 
exposure operation permijbs a//dplicate of master mask 132 
to be ijhade with a singl^ exposure of medium 131. Therefore, 
the system of the presehj/ invention may be used (1) 
high registration stepfand repeat system and (2) as a mask 
duplication systerr 

Further advantage may be obtained if the master 
mask 13 2 to be duplicated is a multiple mask master. Multiple 
mask masters may be /provided with the system of the present 
invention as discussed above relative to" Fig. 4, where 
medium 131 has exposed thereon a plurality of masks 424 and 
426, shown in Fig./ 4C . Individual masks 424 and 426 need 
not be separated yas discussed above for separation at 
location 427, wh^re the plurality of masks 424 and 426 on a 
single medium 13/1 (Fig. 4C ) comprises a multimask mediun.- The 
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multimask medium 131 (Fig. ) may rfe processed with well 
known techniques such as developing, fixing, and printing to 
convert an exposed multimask mediujEi 131 into a multitask 
master 132. 

A multimask master ?ne.y/ce 
by placing it in machine 124 (Fifg. 1) as master mask 132. 
Multimask master 132 may then bre contact printed to expose 
medium 131, thereby providing ^a duplicate of multimask master 
132. This printing operation /exposes the plurality of 
individual masks 188 containad on master 132 simultaneously 
on medium 131. 

The contact exposure of a multimask master provides' 


several advantages over prio 
include obtaining improve 
printing operation there 
such as due to changes^ 
considerations that/may 
masks 


Further , 
the contact exposure tirr 
quantity of masks expo sd 
simultaneously/ whereir 
having 16 indijvidual m^ 
required 


gements. These advantages 
due/ to the simultaneous 

changes in the exposure 
lire, humidity, and other 
tween exposure of individual 
ivity jnay be obtained because 
Lative^y independent of the 
hey are exposed 
expo sure of a multimask master 
y be performed in the same time 


25 of individual masks 


to expose a^ingle mask master using prior art 
arrangements; thereby^ significantly increasing the number 

jplicated or reducing the average time 
per mask duplicated ^ith the system because of the 
simultaneous printing of a plurality of individual masks. 

The systeri of the present invention provides 
additional improvements in performance by reducing sensitivity 
to outside influendes such as temperature and humidity. 
Prior art systems Exhibit a high sensitivity to changes in 
operating conditio/is because corresponding images that -must 
have high registration therebetween are exposed sequentially 


at different times and therefore e;^iibit differences 
based upon changes in operating conditions. For example, 

characteristics of fil;,i is a function of operating 
conditions, where a change in temfcer ature may result in a 
change in film dimensions and otHer effects- If two masks 
which must have high registratio/i therebetween are 
exposed at .different times and if the operating conditions 
such as temperature have changep during the time between 
exposing each mask, the exposure conditions for each mask 
are different and the registrajti om-setwe^ri. the two masks 
which is a function of exposur/e\ conditions ^ . will be degraded 


The 


system of the pjaes 


substantially simultaneous exfcosulre for ad.1 corresponding 


image 


that have pigh regi s trjatioji therebetween . Therefore, 


15 a change in operating conditions, 

! T V 


acy or 

the masks but will not significantly affect the registration 
of the masks. The advantage (of tifii 

analogous to the advantage ebcempJif ied above/ for providing 
high registration in the pifybssence of loVaccuracy. 


nt inventi/on provic 


tay atfect the accur 


Additional advantage i 


stained with the 


simultaneous exposure of a/|^aLity of images wherein the 
speed of the exposure process is increased by exposing a 
plurality of images simultaneously, thereby providing 
increased throughput and Productivity. In one embodiment, 

25 a plurality of masks 424 //and 426 printed on medium 131 may 
be used as a master withfcut being separated at position 427 
(Fig. 4C). After photographic processing such as developing, 
processed film 131 havi/L printed masks 424 and 426 may be 
used as a master 132 izU contact print other masks 424 and 

30 426 for duplication purposes. In one embodiment, masks 132 

may have 16 masks that/ may be printed simultaneously, thereby 
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enhancing throughout and productiviti- for- mask duplication 
purposes- / 

Yet another- advantage is provided for large 
photomasks, where a first portion c/f each photomask can be 
printed on a first film, a corresponding portion can be printed 
on a second film, and additional gortions can be printed 
on other films. After photographic processing such as 
developing, the various portions /of photomasks can be 
spliced together- Although this/ seems like a complex 
arrangement, all images on each /portion will have high 
registration therebetween, withf the pnjn^/--e6^sideration 
being splicing of the different portions togethe/r and 
preserving the high regestrati^rf. Thi s^hould /ho t be 
problem using optical interference patterns atich as the 
well known Moire fringe itferks/ for alignir^/ the two portions 
of the pattern to be malted together- JThls technique permits 
photomasks to be generated h/aving r ( ed^o@ d— 1-iTrri-^ ations on 
size or cons train ts /caused J>y size of jthe machine, where 
portions of photomasks cou^d be built/up b^^plicing 
together to provide a desired photon/ask /Size and a desired 
cluster quantity- Therefore, tradf^of^s between size of 
each photomask and \the nuper of/registering photomasks is 
simplified. \ / 

The combinat foii-ot a mask generation capability and 
a mask duplication capability will now be described in greater 
detail. / 

As discussed/ above , it is well known in the art 
that masks have a tendancy to wear due to printing operations 
in a production environment. Therefore, a master mask which 
is printed using priir art step-and-repeat projection systems, 
is duplicated to mak/e mask copies. The copies are used in 
production so that the wear will occur on a copy but not on 
the master mask. 3n the prior art, different machines are 
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and-repeat operations to 
gj operations to duplicate a 
bility ox the system of this 
expensive prior- art step — 
ny toe used to replace the 
ne s . 


used for" high registration ste 
make a mask and for duplicatin 
mask. Therefore, the dual cap 
invention not only replaces the 
5 and— repeat machines but also m 
prior art raask duplicating mac: 

Further, existing malsk duplicating machine 
duplicate a single mask at a tjirne, consistent with typical 
prior art mask generators that generate individual masks. 
10 The system of the present invention generates a plurality 
of masks virtually simultaneously wh^Le-h-; — -in a preferred 
embodiment,- are all exposed on/a^single ruedLum being 
attached between exposureyCliisters and beii^g aligned 
therebetween by the substratjb of' ^:he medium that has been 
15 exposed. Therefore/a further ad|ant/ge of the system of 
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the present invention is th^t mas 
. leaving m 
I'u'oli 


a single image 
masks may bi 


may be generated as 
g many /nask/qflus ter s or arrays and 
cated as /a sm$ie expt 


single exposure of a plurality 
of die arrays / providing a '/batch/ fabricated" duplicating 
20 process for duplicating a blura^Lity of/masks simultaneously. 
Therefore, additional advantage 7 is/obtained with the system 
of the present invention iky simultaneously exposing a 
plurality of masks for majbk/^uplication purposes. 

The system of tfne' present invention can further be 
used for duplicating maslts in combination with the capability 
for generating high regi/s tr ation masks, thereby providing a 
dual capability with a jingle machine and providing further 
distinctions over the p/rior art. For example, the prior art 
systems discussed" abov^ provide an optical projection 
capability that permits projecting a die image having 
dimensions of very sm^l 1 fractions of an inch, but the prior 
art does not provide JLhe capability to expose larger images 
such as a complete ph/otomask having dimensions of several 
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ks having significantly 


aches or- a plurality or p.hotoijp^h: 
larger dimensions. 

The system of the present invention provides the 
capability to expose a laaster/ mask having large dimensions 
on an illumination sensitive /medium having large dimensions 
Therefore, once the illumination sensitive medium has been 
exposed, such as with a large number of high registration 
contact prints; the exposed/ medium may be removed 
photographically processed /to provide a desired master 
image, then placed in the /aaster containing device 136 for 
contact printing to provide copies for production use. 
Therefore, once a set of Jbhotomasks has been generated on 
an illumination sensitivd .uiediu^n^fhe^llumination sensitiv 
edium may then be proce^^A/ith well/ known photographic 

for providing duplicate 
t , /after the high registration 
131 may contain a plurality 
e ac hi h av ing m an y 


lb processes and become a 
masks. It should be /no 


contact print operation 
of high registration m 


nedi 


1/at 


images of a rel'ated di. 
20 where these exposed inij 
as a large piece of f 
illumination 
elements mounte 


r 4 and 4 2 
mage 402 and 404 - respectively, 

^av/be on a single medium 131 such 
on a plurality of smaller 
mediums such as a plurality of film 
e illumination sensitive medium 


containing device. J^fter the exposed film has been processed 
such as with developing, washing, fixing, printing, and other 
well known photographic processes; it may then be placed in 
the master contair.isjSfe device 136 for use as a master. This 
form of the master Contains a cluster or array of die 
images 424 and 426 /Corresponding to each die image 402 and 
404 respectively ufe4d in the high registration exposure 
operations. If a /single contact exposure was made of such 
a high registration mask array, the exposed medium would 
provide a print o£ the high registration mask array including 
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Many applications in the pjh otoche m ical industries 
require the interspersing of a plurality of die images on a - 
single mask, where a mask may have /a first type of die image 
occupying most positions and with L second type of die image 
which may Joe an alignment image sujch as a Moire pattern 
occupying a selected set of other j positions . In still other 
applications, it >nay be desired tfo intersperse a different 
arrangement of die images on a wifer such as providing 
combinations of different logical gates and flip— flops for 
10 interconnection on the wafer fojf LSI devices. An embodiment 
will now be discussed to providfe inter spercing of a 
plurality of different images in,&adx mask and for preserving 
the high registration characteristic therebetween. 

In a first erabodim^rfk, a /lurality of master masks 
15 may be provided where/n each |»f Whe master masks contains 
the images, for a plurality of 


20 


7 


at must have registration 
therebetween. Foj example, ^ fpst y*Vask may have a plurality 
of die images corresponding to/th^ die images to be placed 
ndi/na plurality/ 


on a correspo: 
master mask may 


f production masks. A second 
have an alXgfri^en t image for each of the mask 


and having relative locatZorfis the same as the relative 
locations betweenN^ex^ie adages on the first master mask. 
In this embodiment, the f irist master would be placed in 
master containing me an s 130 and would, be used to provide 
25 contact exposures as described above for the exposure of a 
multiple die integrated </ircui t mask. Certain exposure 
locations might be OE itl/ed as being reserved for alignment 
images. After exposure/ of the medium with the first master 


mask, the first master 
master mask having reg 
in master containing mi 
would be used to provi 
exposures for inserting 


mask would be removed and the second 
stration images would be inserted 
ans 136. The second master mask 
<le one or a plurality of high registration 
alignment images at corresponding 


locations in each mask exposure- As described above for 
exposure of die images , exposure c/f alignment images would 
have similar registration therebetween. Although there may 
be position errors introduced suc/h as the position of the 
second master mask: in master containing means 136, these 
position errors would not adversely contribute to registration 
errors for the reasons discussed above with reference to 
Fig. 4 for machine position ernors. 

In a second embodiment, a master image 132 may have 
two sets of die images, wherein thei'irst set of die images 
may be arranged to provide u^Tirst plurality of exposures 
and the second plurality^of alie images may be arranged having 
spacing therebetween /the sainje as. for cj^e first plurality of 
images. As discussed above / for -ahe/two sets of master masks, 
these two sets o5' master im/age s/gcxnflec"be^ therebetween have 
the same relative positioning between master images for each 
set of images./ Operation provide s fo/ a plurality of 
exposures on the illumination /sensitive medium of the first 
set of master I images to provide the first die image exposures 
at the desired\ positions This first set of exposures may 
be provided wit HN> l.irLi i--t e d /machine motion as described above 
for a single image mask paving tr anslational dimensions 
approximately the same a/s the dimensions of the masks to be 
generated. A second operation would be performed that would 
cause translation betweln the first set of master images and 
the second set of mastetr images to move the first set of 
master images out of trie sensitive area of the exposures and 
to move the second set /of master images into position there- 
with. It should be recognized that the magnitude of this 
motion may be the ceniter to center distance between the 
first set of master linage s and the second set of master 
images to effectively move the first set out of the sensitive 
exposure area and the second set into the sensitive exposure 
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are a . The second set ox master i:;iages in the sensitive 
area, may be used, to provide high registration contact 
exposure operations to insert the iecond set or" images 
into exposure positions in conjunction with the exposures 
5 of the first set of images. / 

In view of the above, L c can now be seen that 
different die images -nay be interspersed within each raask 
yet still providing high registration between corresponding 
images of each mask. / J 

10 In prior art sy stern^^each maste/ image must be 

treated independently because each masjrer image must be 
independently positione.d^^in/ a pro j^<ftion system or camera 
for exposure of f ilia /therewith - /Problems exist in the prior 
art with separate mester inages/ v/here/photographic reduction 

15 of different images, whery per/ormejr separately, may have 
different reduction r atiis/Dec^ruse of variations that can 
occur in the process. ^-Jt sKould be recognised that the 
system of the present invention may provide a master mask 
having a plurality of paster images connected therebetween 

20 as a single master mask having a plurality of images. 

Photographic reduction and processing of said single master 
mask insures that a!lfl photographic and process steps affect 
all master images substantially the same, thereby insuring 
improved correspondence between each master image. Therefore, 

25 another feature of the present invention provides for a 

master having iraproved correspondence between a plurality 
of master images /on a master mask. 
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20 


25 


30 


:an be seen./ 
the first master- pad i;aage 


L t bO/ard 


printed circuit b^ard and 


The system of the present / invention has broad 
applicabili ty such as described abofve for generating high 
registration masks. In one embodiment, certain printed 
circuit board operations such as "/feed — through pads" for 
5 multi-layer circuit boards must htve good registration in 
order to minimise short circuits /due to feed— through s and 
to insure that the feed — through s/ align and overlay. 

In one embodiment, a plurality of pad images 
similar to the die images 133 cfiscussed abjo.ve are positioned 
10 on a master 132 wherein each p£d image corresponds to 
particular layer on a raul til a^r/e^cuit and 7 wherein 
plurality of master pad ima<gejs/will simultaneously print 
corresponding pads for a/plu^ality of^ftSrinted circuit boards. 
This arrangement can be seen/ with reference izp Fig. 4 where 

o a . first 
r pad image 404 
corresponds to a .second printed /i^cuit board and are 
constructed to be' part of inas^f 132 for printing a film 131. 
As discussed above, for pjp-^nting die images, master image 132 
and film 131 may be repositioned relative to each other for 

ontact printing operations such as shown in Figs. 4A-4C 
and as described above f/or die images. Cluster 424 and 
cluster 426 have good registration therebetween, as discussed 
above, and each cluster/ 424, 426 provides a mask for printed 
circuit board manufacturing operations. It can be seen from 
Figs. 4D and 4E that i/he two printed circuit board exposures 
424 and -426 have good/ regi s tr ation and '-vill precisely overlay 
that the corresponding pads 403 and 410, 414 and 416, and 
420 and 422 overlay /as shown in Fig. 4E and as discussed 
above for the die iAiage application. 

As is well known in the printed circuit art, a 
printed circuit bc/ard is manufactured with a photomask 
having four printed circuit board images of identical form 
which are etched /simultaneously to permit drilling with 
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a four-spindle drilling machine. ^his arrangement enhances 
utilisation of the four spindle drilling machine but does 
not improve registration between printed circuit boards 
the sane type because printed circuit boards of the same 
type are not used together in ap.ulti-layer arrangement. 
Particular advantages may be obftained by providing a printed 
circuit board mask having a plurality ox different printed 
circuit board artwork s in confrasfc to the prior art arrange- 

of having the same printed cig.cy-irt board artworks, where 
the printed circuit boards tjfi-at will bey used together in a 
multi-layer arr an g e m e iit^v;! 1 1 be drilled simultaneously with 
the drilling m ac h i ne/an d thfereby Divide greater registration 
tween layers. T-his tech/iiq\)g/is consistent with the system 
of the present imvention /rhii'Ch/ exposes different masks such 

waffer layers or circuit 
board layers /in a mul ti— /L aye/r arrangement simultaneously as 
part of a single mul ti— nftaskf exposure such as shown in Fig. 4C 
having two different pr/iated /Circuit board artworks 424 and 


the ore sent invention 
as ror dirrerent Integra 



medium 131. 


/ 


It medium 131 was preserved 


20 without splitfria§--lnto/ masks 424 and 426 along line 427, then 
ingle photomask 13 1 having two different printed circuit 
board artworks 424 anp. 426 is generated which may be used for 
simultaneously manufacturing tv/o printed circuit boards. 
Similarly, a plurality of artworks not limited to two artworks 
25 424 and 426 may be produced -on a single medium 131 and may 

be used for exposing a plurality of different circuit boards 
having high registration therebe tween such as for subsequent 
drilling operationE with a mul tl— spindle drilling machine. 
This feature of trie present invention combines the economy 
30 of multi-spindle thrilling, which is well known in the art, 
with drilling registration obtained by drilling different 
circuit boards sfuch as related to different layers in a 
mul tl— layer cincuit board arrangement, which is not known in 
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25 


the prior art; thereby providing both ..j^conoray and 
registration advantages with :aulti-sp|ndle drilling and 
further providing an improvement over/ prior art arrangements 
and methods. 

Still another improvement /may be obtained with 
the system of the present invention/ by providing both, art- 
work generation capability and higM registration exposure 
capability. A high precision photfoplotter arrangement is 
discussed in Patent No. 3 , 73 3 , 242/ Adaptive Illumination 
Source Intensity Control Device /_ s sued^ori June 12 , 1973 by 
Barry T. Lee, Gunther W. W e i me r ,l^an d Gilbert P ,/ Hyatt and 
in the continuations and divjdTsic^a^i s therefr/m including 
applications Serial No . ^2. 5 , 7 9 2/ filled on/January 22, 1973 
and Serial No. 32 7,91,8' filed oil Jafriuafy 30, 19 73 and 
incorporated hereira / by reference/ as if fu^_ly sec forth at 
length herein. This photopl^tzter syste/generates inter- 
connection artwork such as/|or primmed circuit boards. The 
system of that inventiopr ria(d b^en reduced to practice in 
conjunction wa\bh the'contrjbl system described in the parent 
applications and the P— 25/ step and repeat machine manufactured 
by the Dainippon Screen Manufacturing Company. That system 
has the capability to provide both contact printing and 
photoplotting capability. From the teachings of the present 
invention, combining thfe high registration contact printing 
capability with the abive mentioned photoplotting and contact 
printing system provides a high registration contact printing 
system in conjunction/ with a photop letter system, which 
provides special advantages that will be discussed hereinafter. 

As discussed above, pad arrangements for a plurality 
of multi-layer printed circuit boards can be printed having 
high registration therebetween . Further, the combined high 
registration contact printing capability in conjunction with 
the photoplotter /interconnection capability permits the same 
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machine to generate interconnections for -c/ie high registration 
pad arrangement. In such an arrangement,/ the pad arrangement 
would have high registration and each cj/rcuit board may have 
a pad arrangement identical to each otr/er circuit board. 
When the pad arrangements are co.Tipletafd, the photoplo t ting 
capability may be used to generate tr/e interconnections 
between pads on each board, where tbfe interconnections for 
different boards may be different. / The results would be 
photomask having a plurality of b</ar,ds^wher^in the pads of 
different circuit boards have^hii^fh registration therebetween 
and wherein the pads are interconnected y£<^> provide a unique 

\ board . In a 

rolling machine 


pattern for a particular/ layer y 
still further improvement, 


nay be used to drill/ correspg 


on each of a plurality 

hole arrangements ; wherein 
/ 

art includes a multi-spin^ 

>n Vsc 


j/on s simultaneously 
bc/ards to /provide high registration 
sment over the prior 
fling machine simultaneously 
drilling a pad on v each o£ ay^lurality of different circuit 
boards that each have different interconnections but that each 
have registering pads par providing high registration drilling 
operations. Still another improvement is provided by 
preserving the identification of all boards drilled 
simultaneously and Manufacturing the multilayer circuit board 
arrangement so that it uses a plurality of circuit boards 
that were drilled/ simultaneously , thereby preserving the high 
registration of /he drilling arrangement. 
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Figures are oresented in schematic /form, wherein "the 

/ * 

symbols and form used may only be representative of the 
physical embodiment of electrical or mechanical devices. 
In addition, these schematics are simplified for ease of 
presentation of primary features, where features not essential 
to the description nay be eliminated/ The simplified symbolic 
representations in the figures are i/ntended to represent actual 
devices and are intended to include/ those other features that 
would be obvious to those skilled in the art from the teachings 
of the present invention for the described implementation of 
an embodiment of this invention. / ) 

It should be appreciated thil/the term "registration" as 
used in the specification and^tye claims re/ers to the measure 
of the overlay of correspond inar po rti^s^of_a^gr o up of arrays. 
It is well known in the a-rt that reference marks are often 
provided and aliened fojc corr/spondine/ areas/to overlay, where 
the devices discussed /herein /are int/ndejr to include all 
necessary reference marks, aflignme^nt^'and other such well known 
techniques, means, and methods./ / 

Contact exposures areLoften referred to as contact 
prints, wherein the teams'/" exposure" and "print" may be used 
interchangeably. Also, the various photographic processes 
such as developing, washing and fixing the film are well 
known in the art and majff be assumed as part of the photographic 
process. Therefore, no/ formal distinction is made between 
an exposed film and an/ exposed film that has been developed, 
washed, fixed, and otherwise processed to provide a useable 
mask. Terms such as /exposure, print, and mask may be used 
interchangeably and /are intended to include all necessary 
photographic processing well known in the art to provide the 
required characteristics. 
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The term "high" registration is herein intended to 
mean good registration or precision registration. 

Terminology used herein such as md.sk, image, print, 
exposure, and film are terms well kno 
art o The scope of the present inventyLo 
the ohotochemical art, but i^s intend 
oreted to be applied to^/high regist 
wherein the photochemical terminology 
exemplary of the broader scope of 


ation s 


f the 

Prior art exposure systems s^uch as cc/nt 

/well kr 


photochemical 
not Jlimited to 
badly inter- 
tems in general 
nded to be merely 
t invention, 
apt exposure mask 
ans and methods 
sed film may be 
washing, and 


duplicating systems incorporate 
to enhance performance . For example, 
processed such as with develo 

printing operations. Furthe^.^^ontact printing may be en 
hanced by purging ^%h^_jze^p^r/ such as with dry nitrogen or 
providing a vacuum, or both/. Still further, exposure may be 
enhanced by using narrow a/igle illumination, coherent 
illumination, or collimated illumination. It is herein 
intended that the system/of the present invention be useable 
in combination with well; known prior art means and methods 
in the photographic and/ mask making art. 





" ^Control Unit 

The system of this inventijbn will now be described, 
where the previously referenced applications provide 
the preferred embodiment of this indention. 


10 


The data. 

control panel 11^ and the 


The system 110 is shown in Fig. 1A . 
processor 112 communicates with th< 
display panel 118 over signal lines 115. The primary function 
of the main memory 130 is to contain the stored program for 
the data processor 112. In one embodiment, this main memory 
is a core memory and is also used/ to store a parts program . 
The tape reader 116 is primarily/used to_ _ loa d a. parts program. 
In one mode of operation, this ^(a-pe\ reader 116] is used to access 
the parts program for execution/ by ihe data processor 112 to 


control the machine 12^+v 


In an/other mode of operation, this 


memory 130 or au: 
?ri 


15 tape reader 116 is usfed to access the parts program for loading 
a parts program memory, which /may b e v a portio n of the main 

X i 1 i e 1 njsr+s / nrncrum momn yv . >k 

or a^rt systems topically use remote ce/mputers to 
orocess numerical control dajca and use local, non-computerized 

\ I I 

j 20 systems for real time operations.' Problems associated with 

using a remote computer and/ they^limitations of non-computerized 
' i= ~^ / local numerical control systems have greatly limited their 

effectiveness. The system/ of this invention provides a local, 
dedicated computer contained in the system for performing real 
25 time machine control operations. 

Terminology usei in this description now will be 
defined to more clearly /illustrate the intended meaning. 

The terms "off-line" and "stand-alone** are terms that 
refer to the operation /of a device in a self contained manner 
30 such as a prior art peripheral, without the requirement for 

interaction with the djata processor in real time under program 
control. 


I** 


The -term "word" is ini;ended '-to mean a generalized 
parameter comprising a plurality of digital bits or other 
conditions and may relate to letters,/ numbers, conditions, and 
combinations of the foregoing. 

The term "computer" as usedf herein is intended to mean 
a stored program digital data processor. This includes the 
well known prior art general purpose digital computers such 
as mini-computers, but also includes the monolithic data 
processor and factored data processor disclosed herein and 
the extension of these data proc/essor ccncfpts to higher levels 
of integration; where the compiiter / m'ay / be distributed throughout 
the system and may be physic^./anj/ operationally associated 
with an extremity of the system, or th/ computer may be merged 
to such a degree that the/com / pone/^ / computer parts are 
15 individually indistingudshabyle 

A dedicated ycomputyer system maV be dedicated to one 
or more tasks which/may include a prjsme task such as numerical 
control, payroll processing, pr^calculator processing and one 
or more sub-tasks^/such ^as^c^itrolling extremities. Also, the 
20 data processor need not maintain it's physical or operational 
identity. This inventij^/ is not limited to a single computer 
but may include a pluraflity of computers associated with various 
portions of the prTme /task and sub-tasks. 

A data processing system can be structured with 
25 (1) extremities that /may have a physical size and form and 

(2) monolithic data /processors that may have relative inconsequential 
size and form; wher,e the data processors can be totally distributed 
to the extremity for performance of the functions of the 
extremity under program control and may be dedicated to one 
30 or more extremities . In this case, a plurality of data 

processors may b/e distributed throughout the system, each 
dedicated to a /data processor prime task, which may be a 
system prime task or sub-task. 


The term "real ■time" should be /defined since it is 
sometimes used or misused in "the conputer art to have a number 
of different meanings. As used in thip application, a data 
processing system is said to be operating on a real time 
basis when time of occurance of the computer operations in 
the data processing subsystem is dictated by the requirements 
of the machine subsystem rather thaoi by the data processor 
operations « 


In one embod iment^pf th 
the machine may be an ex^remity/o 
be implemented as ah elemental 


the data processor. 


./ 


invention , 
ystem which can 
rtity in conjunction with 
Direct cj6ntroD/of the various machine 

ons, compensating for 
a turret motor for tool 


/ 


blli 


functions, such as storing ±p 
tool characteristics', 
15 selection will reduce the Machine interface that is often 

implemented with relay lofgic and other such "magnetics". This 
elemental machine 12^ maty be considered to have physical 
distribution, operative dispersion, and operate with intrinsic 
signal forms in accordance with the invention. The operative 
20 dispersion of the system permits the elemental processor dependent 
machine 12^ to openkte in conjunction with other elements 
performing prime f/unctions to accomplish a task, which may be 
the performance c/f various machine operations. 


The system of the present invention provides a simple 
and inexpensive arrangement and method fof implementing 
computerized capability Tor control applications. 


This system will be described as a milli^ 
control system. It should be understo 
such a numerical control system is inti 


ig machine numerical 
that any reference to 
Jnded to include any system 


wherein digital command and control capability is to be provided 
for a machine. The particular systems discussed herein is one 
class of such devices. 
10 The preferred embodiment of /this invention is an advanced 

numerical control system, containlng'a general]- purpose digital 


data processor for high levels^ 
Computerized capability is 
prior art non-computerized 


capabili 


5vd at a 


sys Items , 

control (GNC) on only/ one mac nine . 
shop budget and production ca4>abil 


to a limited cap; 
computer. This 
machine yields 
20 with prior art 
capability, am 


.b^ility, ex^ensi\ 


computer! 2 
'economy, 
non-comput 
provides 


d versatility, 
ice competitive with 
qualifying computerized numerical 
A major portion of the machine 
y does not have to be committed 
central yDNC multi-machine control 
numerical ^6ntrol system at each 

thi,^ system is cost competitive 
ed^systems that do not have GNC 
protection of production capability, 
because the shop xs~~hot/ dependent on a single central DNC computer 
which can malfunction find shut down the whole production capability. 
The system of this indention can provide one computer per machine 
"dedicated" to the individual machine on a stand-alone basis, which 
operates in conjunction with the machine in real time to provide 
self-contained CNC /capability. Major assemblies in this system 
include a general/purpose digital . computer, interactive control panel , 
multi-axis servo /drives , machine interface electronics, memory, 
30 CRT display, typewriter, punched tape reader, power supplies, and 

other equipments. Capability includes complex contouring with linear , 


-46- 


circular, and parabolic curves » curve fitting; automatic fairing 
contours; six axes of simultaneous contouring? digital resolution 
of 50 millionths (0.000050) inch; departure range of 99-999 950 
inches; contouring velocities of i,200 indhes per minute; and other 
features. Also provided are closed-loop /DC servos with resolver 
feedback; inductosyn (Ferrand Scale) feedback; full absolute 
position feedback with multi-speed picktoffs and other features. 

Special features include automattic tool change with up to 
99 tool offsets in core memory, spindle speed control, constant 
10 cutter chip load, and adaptive feedf and speeds. Tool history 
is automatically recorded for preventative maintenance. Thread 
cutting with direct IPR and RPI^C^itch) feedra^e programming is 


provided for lathes, and cvitter fcom , 


pensatior/ is available for 


milling and grinding machines. 

Numerical control systems^y^icalOy^accept parts programs 
from a punched tape reader. This j/ystem provides access to parts 
programs from a tape reader / remote lar-g'e-scale computer, internal ' 
memory, or other sources of /pa^s ^^ograms . The input data format 
meets the requirements Tor// n Interchangeable perforated tape" as 
20 defined in EIA Standard Block search and buffer memory 

features are provl^ded^/Data can be entered in either absolute 
or incremental coordinates, G code selectable, with the capability 
to mix both coordinate /schemes in the same block of commands. 
Addressing is either Variable block or tab sequential. Direct 
feedrate programming /is standard. Full range floating zero and 
zero offsets are rede-finable from the parts program. Other parts 
programming features' include an unlimited number of M and G commands 
contained in one bylock, editing symbols such as decimal points, 
sequence of commaiads at the parts programmers convenience, and a 
30 full circle can %e programmed in one block of commands. 
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This dedicated computer system includes a computer integrated 
into the system for versatility, economy, and/ performance. For 
example, the control panel is an extension of the computer I/O 
section. This I/O section is physically partitioned so that 
many of the interface functions, normally performed in a computer 
I/O, are physically contained on the panel motherboard. This 
system is under program control, where control, display, data 
processing, contouring, and machine control functions are handled 
under program control by the computer. / The executive routine 
permits time-share operation and self -^contained diagnostics. 
Therefore, the system can be conveni ^ntl^jipgr^ded to incorporate 
additional features, primarily bj^e/p^Oigramming j the computer. 

System checkout uses the/comyputer^ to automatically check 
its own operation and the operatiojfi of t^fie peripheral equipment 
including use of diagnostic routi 


timer. System self-check^ is acc 


/ 


30 


eck-sum, and computer iteration 
ad-undur automatic computer 
control to verify system operation an-a isolate malfunctions. 
Self -check and system /test programs/ are ^.rfcluded, where these 
routines are executed (upon sys/tem^ tupff-on to verify operation or 
isolate malfunctions and pro^de/^ontinual system checkout and 
validity checks during system operation. 

Prior art systems us|e remote computers to process parts 
program information, but lyave used local, noncomputerized numerical 
control systems for real /time machine control operations. Problems 
associated with using a yremote computer and the limitations of 
a non-computerized numerical control system have greatly limited 
their effectiveness, /'he system of this invention provides a 
local, dedicated computer contained in the numerical control system 
for performing the nfeal time machine control functions such as 
contour interpolation, sequencing a spindle on or off, and other 
such machine control functions. This system also provides parts 
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program processing be eliminate -the need fo^: a remote computer 
for many applications. In addition, parts/ program editing capability 
is provided that dees not require the exijbnsive capabilities of 
a large scale computer with a parts program compiler such as the 
APT compiler. 

In prior art numerical control ^ystems, the parts program 
is resident on a punched tape, which is loaded through a tape reacer 
to define machine motion and control /functions for the particular 
part to "be machined. These prior a^/t systems execute tape commands 
to machine the part. Use of punched tape Jj^s^sevsralN^everc If. mil 
including: (l) the tape reader is /the^most unreliable pjkrt of the 
system, requiring periodic preventative maiVtenance arid sporadic 
repair, (2) tape reading errors yknd tape bre^kag^/ae crease machine 


niting performance 


30 


utilization; (3) tape reader spjfeed is low, 

or requiring buffer memory to jpartially^conmfensate for the low 
speed; and (4) logistics problems and time ydelaya are involved to 
generate, duplicate ,[ or modify punched tapes, / 

Lth the/punchjsn tapes are virtually 
eliminated with a self-c«ii^aj : ned--^parts orogram memory for parts 
program storage which overcomes tape / reader limitations where t 
(1) the parts program memory is highly reliable and does not require 
periodic maintenance; <2r) tape breakage does not apply to a parts 
program memory, reading errors are reduced 

and the parity check i7s supplemented v/ith a check sum and 
validity check to ensure correct operation; (3) parts program 
memory access time i/s significantly better than tape reader access 
time, where the payts program memory effectively operates as a 
large buffer memory; and (4) logistics problems are greatly 
reduced where payts programs can be loaded directly into the parts 
program memory from a remote large scale computer over a telephone 
line or other dfata link; parts programs can be modified by the 
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operator, where he can conveniently change a blooflc of commands 
in the parts program memory thru the keyboard cJc typewriter; and 
tape duplication is not required, where a tapye would "be used 
for the shop archives hut not for continuous/ machine operation. 

Parts programs are loaded into the /parts program memory 
through several interface channels from a. punched tape reader, 
remote large scale computer data link, /typewriter punched tape 
reader, typewriter keyboard, control panel keyboard, or other such 
devices. Parts program modification/ is implemented through any 

lO or all of these channels. Tapes ai/e accepted with various codes, 
such as EIA or ASCII codes , and accurate tape /loading is assured 
with techniques such as parity fchecks,i validity checks, and other 
such techniques. / 

The system of this inv^ntion/pto vi d es a tape preparation 
capability, where tapes are ygene ratted, checlted, modified, duplicated 
and code converted. The -ta/pe punch on the ^typewriter is used for 
paper tape, while mylar tatpe requires auxiliary tape punch. Tape 
generation is accomplished yij loading a parts program into the 
memory, then '.formating And punching a tape in either EIA or ASCII code. 

20 Tape checking \is^acc^?plished by loading the tape and comparing 

it with the parts program in the parts program memory. Differences 
are detected and pointed on the typewriter as a permanent record. 
Tape modification /is accomplished by loading and modifying a parts 
program in the parts program memory, then punching a tape as 
described abovsr. Tape duplication is accomplished by repetitive 
punching of a/tape from a parts program resident in the parts 
program memory. Code conversion is accomplished by loading a parts 
program int^o the parts program memory in a convenient Input code, 
then punching a tape with the tape generation capability, where 

30 EIA, ASOXl or other codes may be selected. 
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Parts program editing capability permits complete control 
of the program checkout process within the STiop, precluding the 
need to depend on outside computer organisations. In addition, 
start up delays and expenses are significantly reduced. This 
5 capability greatly enhances produc ti vity^jto— add to the cost-effec- 
tiveness of the numerical contr^swtem. Editing of a parts 
program is performed at the machine/ durYng^ogram checkout, resulting 
in rapid production start/up. The intepnal parts program storage 
feature provides editing capabi^i ty/foi/ on-line checkout and 
10 modification of parts' programs'. ©d-ttJTng is performed with various 


15 


devices such as the Manual Data 
Blocks of parts program command 
and verified. An 1 add ope>ratipn 
commands in-between^Jwo^^ther^bl 



?yboard or typewriter, 
deleted, modified 
ert the entered block of 
commands. Similarly, delete 
and modify operations /delete or modify the selected block of 
commands. A verify .operation displays the selected block of commands 
on the numeric display and prints those commands on the typewriter 
for "hard-copy" output. 
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Machine information is provided to the shop manager to aid 
in the determination of machine use, preventative maintenance 
records, and operator efficiency. A reijfote readout of current 
operation is provided which includes f^edrate override, operating 
mode, block sequence number in process, and part in process. This 
current operation report defines th£ instantaneous condition of 
the equipment. A remote readout of past^o'peratioVi includes total 
time in each mode and cycle-on/cy4le^of f conditions. Down time 
and delays are identified and lagged based uppfi type and duration 
of the condition. Machine hi'sycorical recoras are maintained, including 
machine operation cycles and /accumulated ti.-me~~w1r6h automatic 


notification of preventai^ive' maintenance 


7 


Parts program checkout on pr^br art^numerical control systems 
requires identification of the programs-errors at the machine, with 
15 correction of errors on/a remo^ large-scale computer. Tape correction 
logistics are time conJ^uraing'T where poor availability of the large- 
scale computer in conjunction with its remote location often 
preclude rapid turnaround . Several iterations of parts program 
checkout and correction may be required, with up to a week of delays 
due to punched ta/pe turnaround. Numerical controls systems can 
be tied up for jchat excessive nonproductive period. With the 
editing capability of this invention, the parts program can be 
corrected as /it is checked-out, thereby eliminating the expensive, 
time-consuming logistics usually associated with parts program 
25 correction 
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Cut-ting of parts from sheet metal platens is performed with 
flame cutting machines, where it is often necessary to nest or 
fit the patterns together to minimize scra^. Nesting of patterns 
involves "both position offsets and axis ybtation to reorient and 
fit the programmed part on the sheet me/£ai plate. Floating zero 
point redefinition for automatic posit/ion offsets and resolution 
of the parts program departure commands ^thr^.ugh'^a predefined angle 
for axis rotation provides this capability. ?ositio/i offset and 
axis rotation parameters are commafided ei^t: 
with the manual data input (fvlDI ) /keyboard, 
results in substantial economy /or the us 
in scrap, ease of programming ,/ and simplifi 
enhance the "cost-of-owprshi/p" character's 

Parts programming is /significant, 
computerized numerical \ control system ,^fere the computer relieves 
the parts programmer of\nn£ch of^his tedious calculations. Large 
scale computers with sophisticated software such as APT are often 
used to simplify the parts programming effort. This system simplifies 
parts programming when/ using APT and enhances the feasibility 
of manual parts programming when APT is not available. The features 
provided in the syslsem of this invention that simplify parts 
programming include direct feedrate programming with various 
systems of units , /combining incremental and absolute coordinate 
programming, cutycer compensation, axis alignment and others. 


froX the tape or 
tern nesting capability 

the reduction 
Deration greatly 
the system, 
plified v/ith this 
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Simplified parts programming described hereafter, permits 
parts program changes to be made in a control: oriented language 
such as the SIA Standard format, instead of/ requiring a compiler 
oriented language and the associated largrf scale computer to generate 
a parts program or a parts program correction. Therefore, a 
programmer can conveniently generate a /parts program or a correction. 

In the prior art, calculations/r.e.quired to generate a 
parts program or to change aparts Bfrogram jwere complex; often 
requiring a large scale computer with a parts program compiler. 
The capability provided-'with the /CNC syp tern of this invention 
simplifies parts programming, nerrai^rtir/g parts programs to be 
generated manually without a ¥arg^e— -s-cra&e cbmpu t e r and simplifies 
changes to parts/ programs so/ changes/can be ynade manually 
without a large/scale computer. Jme simplified parts programming 
features include cutter q^mpensition^ selectable dimensioning, 
acceleration an l d deceleration, ^fid other special capabilities. 
Other features, sute-h a^axis Alignment, simplify setup and operation 
of the system. 

A computerized numerical control system will be termed a 
GNC system, which/is herein intended to mean the special numerical 
control capabilities of a stored program data processor and the 
associated system. 


Prior art numerical control systems have /been designed around 
special purpose digital devices where operations such as logic, 
control, and computations are performed with ^Special purpose logic. 
Because of the high cost and limited, capability of these special 
purpose numerical control systems, most of /the computations are 
prcprocessed with a remote, large scale computer using a parts 
program compiler such as APT. The remote/ computer preprocesses 
the information and generates a punched /tape in a control oriented 
language containing the initial conditions and commands required 
10 by the special purpose numerical control equipment. These partz 
program tapes describe the part to bfe generated and are used as 
the command inputs to the numerical/control^system to cut the 
part. Tape program errors are commoner re qui ri/ng test runs to 
isolate and correct these errors,.-/ "t/hen a t^st run is completed, 
the parts programmer pro vi des/c o*r e c ti ons to the remote computer 
in a compiler oriented language/rto generate a corrected tape. 
Turn-around time for a new tapi ^i^ofieji-J^^t^ four hours and 
it is common for f i ve/c^orre c tZd tapX^ to bere\quired before an 

* ~Z * * U -enerated. Therefore, a week of 

t bfc required prior to starting 
Icalcontrol system can therefore 
be tied up waiti/ng for a ip^o^uction tape to be checked-out and 
regenerated. In addition ./excessive expense can be incurred for 
repeated use of the remofte large scale APT program computer. Other 
problems and exr^ensj&s are incurred associated with the uncertainty 
of when a production tkpe will be available and the expensive 
delays in production start up. 

In order to simplify programming of complex parts, various 
parts programming compilers have been developed. The APT compiler 
30 is the most common /of these parts programming compilers. It is 

serviced by the Il/linois Institute of Technology Research Institute 
(IITRI) which provides documentation, services, and software 
for this parts tSrogram compiler. 


acceptable production tape 
20 parts program checkout timey 
production. An expensive 
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An attempt has been made to circumvent th^ tape correction 
problems by providing a remote large scale computer operating in 
a time-shared mode to provide rapid correction of parts programs. 
In such a system, the remote computer is loo4.ted in the plant 
containing the machines and provides storage Tor the parts 
programs for many numerical control systems in that plant. In 
operation, this central computer will transmit a new block of 
commands to each special purpose numerical control system when 
the prior block of commands has been j/xeciTte^. When the parts 
10 programmer detects an error, he will/stop the7 operation of the 
numerical control system and/^nter Jk. correcjiion, which will be 
transmitted to the remote/computer/, /ThisV correction is made in 


a compiler oriented language whi 
computer containing a; parts pro^ 
remote computer will compile ay 
control oriented ^.anguage sue, 
make this corrected parts prbgram 


thj 


is/acoeptable by a large scale 
compfiler such as APT. The 
onvert it to a 
dard format, then 
e to the special purpose 
d operation. Such systems 


numerical contro'l system fo 

using a remote computer iii compunction with special purpose, non- 
20 computerized numerical c^n'trol systems at every machine are 

typified by the Sundstrand Omnicontrol and the General Electric 
Commander systems. 

Excessive expanses are incurred with the requirements for 
these remote computers generating control oriented commands for 
various non-compuyerized numerical control systems located at the 
machine being controlled. In addition, the capabilities of each 
numerical control system are still limited by the non-computerized 
numerical control, where the remote larger scale computer can't 
adequately seibvice all numerical control systems in the shop with 
30 any more thah parts program modification and superficial 
preprocessing operations. 
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represented in "block diagram form in Fig, 1 A as a numerical 
control system 110, including an electronic data processor 112, 
arranged in accordance with the invention, a s-oecif ic 
example referred to here and described hereafter relates to a 
multi-axis controlled machine, but it will readily be 
appreciated that systems in accordance with the invention may 
he applied to a wide variety of tasks including communication, 
process control, processing of business data and other control 
functions such as photo optical pattern generators and multi- 
turret machines. 

In accordance with the basic concepts of a factored 
electronics system, the numerical control system (Pig. 1A) pro- 
vides an illustration of this factoring process. The data 
processor is used in conjunction with the various extremities 
of the system where some of these extremities are elemental 
extremities. The data processor has a distributed characteristic, 
where the raw instruction signals comprised of micro operation 
and operand address signals are communicated in intrinsic signal 
form to the interface assembly which is physically distributed 
and set apart from the data processor 112 and the various extremi- 
ties that communicate with the data processor through this 
input-output structure. 

The data processor 112 is shown by way of this example 
to be used in conjunction with a main memory 130. The basic 
architecture of this data processor will permit an integrated 
circuit memory, such as a read-only memory (ROM), or a random- 
access memory (RAM ) or flip-flop type memory to be substituted 
for the main memory 130, which might be called a monolithic 
computer. 



The architecture of the computer is oriented towards 
a factored computer system to permit the data processor to 
operate in close conjunction with the extremities for this 
factored computer system. The special organization and instruc- 
5 tion repertoire aid in implementing this factored computer 
system. 

The operator panel 117 operates with the data. nrocessor in 
a mutually interdependent fashion to yield interactive capability 
for operator functions. 
10 The photoelectric tape reader 116 is an extremity that 

inputs programs to define a part for the 

machine 12 2 *. The real time non-adapted signal form intrinsic to 
the tape reader 116 includes not only data but tape reader 
characteristics caused "by photo-optical, electro-mechanical, 
15 and electrical effects that are inherent to the tape reader. 

The data processor accepts these intrinsic signal forms directly 

from the tape reader and derives the required -data - 

from the ambiguity and errors present in this intrinsic signal 

form. 

20 The machine 12^ may be an extremity of the system. 

which can be implemented as an elemental extremity in conjunction 
with the data processor. Direct control of the various machine 
operations, such as storing the tool positions, comoensatine for 
tool characteristics, and controlling a turret motor for tool 

25 selection, reduce the machine interface that is often implemented 
// .1^ wi " tn relay logic and other such "magnetics". The machine axes 
pickoffs in the square-wave servo loop can be used directly by 
the data processor to derive position, velocity and acceleration 
information pertaining to the motion of machine axes • 

30 The axes servos 120, 121, 122 are a typical example 

of elemental extremities. The communication between the data 
processor and the axes servos is in a signal form wherein the whole 
number aspect is intrinsic to the data processor and wherein the 

iH ' 

-r- . 



square-wave aspect is intrinsic "to the axes servos. This 
intrinsic signal form simplifies the communication interface 
"between the data processor and the axes servos and relieves 
limitations previously imposed on servos for numerically controlled 
machines, 

^The operative dispersion associated with this factored 
computer system is typified "by the multi-axes contouring capability 
of the system. The data processor performs the contouring 
computations in whole number form intrinsic to the data processor 
10 1 and generates the resultant whole number commands for the axes 
' servos . The operative dispersion provides extremely high 
' levels of performance with a significant reduction in hardware 
! and a reduction in the computational burden placed on the data 
processor. The intrinsic signal foqrms^of the s$ervos have a 

is/ acceptable to 
the data processor in a non-adapted fobm to provide interactive 

and/ the axes servos 
bility Wiim this elemental 

lemental extremity 


15 whole number square wave characte. 

n-adaptj 

communication between the^data 
to provide adaptive control 
extremity. The axes servos il} 


20 that can yield 


hig'h 


L 


level off economw 


reduced burden onyxhe data p: 
capability of adaptive control 
The present invention 


and versatility with a 

ith the additional 


the normal . computer opera 


toge 


parti 



Btion with 
not prohibited, these systems utilize 


ly incorporates 

performing 

25 mathematical operations, ind'storing data into a physically 

distributed, / o pe rati vely /dispersed system providing concurrent 
internal control of cqa^tion with/associated extremities. 
Although inter 

i subs tanti ally direct Communication with elemental subsystems 
30 \as needed for a chosen class of tasks. 

One technical area in which systems in accordance 
with the invention /have particular advantage is in the control 
of multi-axis machine tools and the control of photo optical 
plotters to provi/de output product's . Other areas of particular 

.12 
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15 


advantage include "the processing of coiJmunications and 
business data, for instance, payroll processing and inventory 
control. In all of* these applications/ the data processor 112 
in the system can receive rudimentary /data in intrinsic 
signal form from an elemental extremi/fcy such as an axis servo, 
process the non-adapted intrinsic signals in real time, and 
provide data to the system. The da1$k processor 112 in the system 
in turn commands an output device iA a signal form which may be 
readily useable by or intrinsic to /the output device, such as 
a servo system. Use of the physical distribution and operative 
dispersion of the system in conjunction v^th-^roce^sor-dependent 
elemental extremities operating 5Jn norv-adapted language modes 
permitting great versatility to^be attained with >low manufacturing 
cost. Furthermore, orientation /of the system y^o a different 
class of tasks involves no significant redesign but primarily 
i>e data p/r o cessor /profe-rara-r-v 

in accordance with 


involves changes in the' data ptocessor y 

A general/purpose dkta prdcessaf 


this invention may include multiple daW and program registers, 
a random access /emory and scratch / pad memory, and non- 
20 buffered, directly coupled /input-ow6pu-£/£ines connected to 
elemental input -out put devices. 

perform basic/ or prime f upctipns^and are physically distributed 
at different locations ±jiy€he system, with operative dispersion 
making them func^tiojialivf available throughout the system- This 
25 system comprises a numerical control machine, e.g. for multi- 
axis controlled machirye, and closely integrates the 

operator and other input and output operations into the numerical 
control tasks. Minimal structure input-output extremities in 
this particular examjple comprise an elemental tape reader 116 and 
30 operator panels llWand 118, servos 120, 121, 122 for independent 
servo axis control and a passive data display 118. The data 
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20 


processor, in real -time, concurrently monitors -these extremities , 
pre-processes the external manifestations into machine -adaptable 
or intrinsic data, and generates extremity intrinsic or 
extremity- adapted extrinsic commands./ The system concurrently 
operates under program control to perform the other aspects 
of the task, including carrying out /complex computations for 
path control, generating servo commands for each of the 
controlled axes, sequencing through the program, providing other 
machine controls and generating graphical and printed output 
data if needed. 

Part program inputs af-e proVided bjA a photoelectric 
punched tape reader 116 having/Model No. RRS$Z>304RA , manufactured 
by Remex Electronics. , 

Data and program storage is provided by a main memory 


/ 


15 130 which may be a commercially avaijkaple memory having Part 

jnic Memories, Inc. This 
is an 8 bit 4096 word core 7 memory v^Hich jLs primarily devoted to 
program storage. / Remaining portions maV be used for data 
storage if desired. In /one embodiment, the main memory 130 


7; 


by a read- 


iforv (ROM) or flio-rfloo . 


may be replace^ 
memory • 

In & typica^L/axanjple of the operation 
of the system ^f F>£/ 1A for control of a machine 124, the 
data processor 112 stccepts part program data from the tape reader 
25 116 and operator inputs from the control panel 114 to commence 
the computation of/ servo commands. As the reader 116 and panel 
ll*f are operated,/ -the processor 112 is under orogram 
control to monitor the operative states and pre-process the 
rudimentary data. Concurrently, and also under r> roar ram 
30 control, the display panel 118 is activated by exciting the 
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passive elements to form desired characters at a flicker-free 
rate. These time related monitoring and pre-processing subtask 
operations concerned with the extremities continue to be carried 
out as needed as the processor 112 performs the computational 
and processing operations concerned wi/th its main task, that of 
executing the parts program in real time. 

Thereafter, command data is translated into servo' commands 
for the individual servos 120, 121, /and 122, in intrinsic servo 
signal form. Feedback signals in fhe intrinsJLp servo format 
are likewise returned to the proce|bsor/l'l2, pr^e-processed 
bv the data orocessor 112 under ojrjcfgram control for conversion 
into the processor base language/ and\utilj/zed in further 
computations. . 


There are profound di/ffer» 


systems thus 


15 arranged and operated and systems 


art. In the physical 
l much 

units 114, 116, 


and operational sense, ^/the da 
greater portion of the 

llS, 120, 121, and 122 are efxtfemiti^'s of the processor 112. These 
extremities , which may\no1^be independent in terms of control 

are largely directly coupled to the processor 112. Each 
elemental extremity has pertain characteristic relationships to 
the system, although oth/er differences necessarily exist. Each 
relies essentially upon/ the operatively dispersed program 
capabilities of the processor 112. Each further effectively 
relies upon the processor 112 for pre-processing of the non- 
adapted signal forms ror interpretation of signals and meaningful 
time- related data tra/isfer. In- this respect, digital 
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buffering, conversion, and signal conditioning operations ordinarily 
provided "by interface logic circuits ape also avoided. Furthermore , 
the processor 112 itself need not "be tailored in configuration 
to cooperate with predetermined interface formats and requirements. 
In a further respect, the data procefesor presents data or accepts 
data in real time from/to system extremities in intrinsic signal 
forms such that the processor itself can effect the significance 
of such terms • 

Elimination of physical, identities are representative 
of what is herein termed physical distribution, where the 

throughout the preponderance 
»tj^by virtue of the operational 
dispersion of the/System ajid /other i>rime functions, this 
task-performing /system may r^ea^ily/'bemogi f ied with a minimum 
of hardware changes to perform an'other/task. Such change 
primarily involves modification/of ^the system program and also 
modification of the subts 


processor 112 can be distribute 
of the task- performing sys 



their relation to 
the task-pertinent progisam^ / ~L t should be appreciated that the 
operative dispersion of/ the system encompasses and eliminates 
much of th^ interface /circuitry that is redundant when used in 
conjunction wT^Eh. a da/ta processor. 

For the performance of many tasks, as in the numerical 
control field, systems in accordance with the invention can 
utilize a relatively small-scale computer without overloading. 
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Concurrent performance of the subtasksj 1 does not in the usual 
instance result in excessive demands 4 n ^ e processor. To the 
contrary for numerical control systemfe, the general purpose 
computational capability of the system hereafter described may 
perform many additional operations sjUch as contouring. 

The data processor 112 i^ organized to operate in a 
manner somewhat similar to presently known stored program digital 
computers. The fundamental theory /and technology of such 
presently known systems are described in Chapter 11 of 
DIGITAL COMPUTER DESIGN FUNDAMENTALS , i'aohan Chu, McGraw-Hill 
3ook Co., Inc. (New York 1962) incorporated herein by reference. 

The data processor 1^2 include's a 2|2— bit memory 
address register (M-Register) whi^h/d'ef ines a/ memory location 
being accessed in the main memory. A iHemopy data register 

/the memory and an accumulator 
nerical and logical 


(D-Register) provides communis 
(A-Register) receives the resw 


7 


operations and communicates w/ith se 
Scratch Pad Memory (SPM) Registers 
operand storage separa/ed frpm the/main 
20 counter divides the executic 


/ 


bi1 


al input/output (I/O) channels, 
lterable intermediate 
mory. A three bit 
instructions into 
vides the word times 


word times and a fou 
into bit times. 

The data prNpce^-s'br /operates by performing programmed 
instructions received frafm main memory 130 ^.t other storage. 
When an instruction is received, control logic causes the data 
processor to progress tttrough a sequence of micro-operations, 
the exact path being reflated to the instruction being executed. 
Each micro-operation o/ccurs during one of eight word times, 
thru ? executing a miiro-operation portion of the instruction being 
executed. Upon comp/Letion of a last micro-operation, the data 
processor returns t6 a first micro-operation to begin execution 
of the next instruction accessed from the main memory 130. 


15 


Referring now -to Fig, 1A., thye tape reader 116 may be 
a commercially available paper tape pimcher and reader such as 
Model RRS0304RA manufactured by Remote Electronics. However, 
it has been found that by implementing this tape reader 116 
as an Elemental Extremity and usirig the Intrinsic Signal Form 
concept and Operative Dispersion/concept_,__signif icant advantages 
can be achieved. One ^arrangement ^i-s descriped in detail 
in application, "A Method and ^paratus tj/r Processing 

"Serial No. 879,293. 
ilber£ / 'jHyatt 1 incorporated herein 

pe rates by having the data 
the/"6ape reader 116 at a cyclic 
than/^fe operation of the tape reader 116 
in a manner similar to /the ^sampling of the control panel outputs • 
Punching and formatting of^the paper tape is in accordance with EI A 
standards RS—27 i *-B t interchangeable perforated tape variable 
block format fx^r contouring and contouring/positioning numerically 
controlled machine^ incorporated herein by reference. 


the Digital Output of an Inpi 
10 filed November 2*4- , 1969^by j! 
by reference. Generally,/ tJ* 
processor sample the outpi/t of 
rate which is much fasti 
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In the CNC system shown in Fig./lA, -the data processor 
112 communicates with the operator pa/iel 117 comprising the 
control panel 114 and the display panel 118 over signal lines 
115. The primary purpose of* the ma/n memory 130 is to contain 
the stored program Tor the data processor 112. In one 
embodiment, this main memory may be a core memory and may also 
be used to store a parts program/ The tape reader 116 is 
used to load a parts program a.nd other data. In one mode of 
operation, this tape reader 11© is used to-^acc^ss the parts 
program for execution by the data pp'c^sor iy£ to control 
the machine 124. In another /mode / of op^ra^ion, this tape reader 
is used to access the parts /program f or^lojading a parts program 
memory, which may be a porxi^bn of the /nain mejnory 130 or 
auxiliary parts program memory 152. 

Various CNC commands may be y^nte^ed through the tape 
reader 116 and the control panelyi^? to provide the CNC 
capability described S^nju^t^tion with the flow diagrams in 
Figs. 3A-3G. In addiytionV^special CNC panel controls can be 
provided for entering CNC commands in place of or in addition 
to the tape reader /means of entering these CNC commands. Other 
embodiments and methods for providing this capability will 
become obvious to those skilled in the art from the teachings 
of the present invention. 
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The data processor" 112 may access o l/ner/ subsysteias through 
the spare I/O channels 128 Tor alternate sourofes of* CNC commands, 
alternate sources of parts programs, and alternate parts program 
memories. The machine 124 is controlled wiVh multiple axis servos 
120, 121, and 122 operating from data processor real time command 
signals 123 and is controlled with vsrioujl auxiliary command signals 
126, These command signals are provided/by the data processor 112 
which accesses a parts program and commutes the command signals 
required to command the machine 124 Xa execut^t-lje pajrts program. 

The data processor 112 accept/^arxs program/commands at a 
data rate and at operating times^diyC tated by thQ/^ource of parts 

system operations, 
jey&are^fea.ted by the machine 
discussed 


program commands and by the numerical contro 
The machine 124 requires commands/ at a r; 


considerations such as machine dfynamics ^£br contc-urin 
in the parent patent apyplicatio/n, Control System and Method 
and machine response time sucb^ as for^tobl change and spindle speed 
change requirements . [These raap^3rne command requirements place a 
real time operation cons^S^it on the. control system 110. Real 
-time machine commands are Herein intended to mean commands to the 
20 machine 124 with time constraints dictated by machine requirements. 
Parts program information is typically accessed by a 
punched tape reader 116 but may be obtained from other sources. 
One source may be a remote large scale computer system that 
generates the parts pro/gram with an APT compiler, then transmits 
this program over a dajfca link 150 to the CNC system 110. The 
data link 150 could b<& a telephone line or other well known 
means with appropriate terminal devices such as modems that are 
well known in the a/t . This data link 150 would connect to 
this CNC system 11<# through the auxiliary i/o channels 128 
for access of the/data by 

/ 
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the data processor 112. Another source of /parts program data is 
from a typewriter 156 such as a Teletype model ASR-33 or from other 
well known sources of digital information/ such as computer peripherals. 

The parts program memory in one embodiment is a portion 
of the data processor main core memory: /but may be a drum memory, 
disc memory, shift register memory or cither such memory well known 
in the computer art. This parts program memory may be an internal 
part of the CNG system 110 as with tMe main memory 130 and the data 
processor scratch pad memory, or mav be a peripheral of the CNC 
system 110 with communication throjdgh the spare I/O channels 128, 
In some cases interface controllers such~~as aXdisc memory controller 
may be required with the peri^he^alT^memory . jhese memories 
controllers, and associated/dev/ces are wel^f known in the computer art, 

A well known auxiliary / inpu"6\ and^output channel 128 is 
a 110 baud auxiliary /channel/ for cp^Tftnuni cation with a typewriter 
such as a Teletypes/Corporation r^de_l-/ASR-=^ , a data link 1 50 , 
"~ remote 


an alpha-numeric ^/CRT 158 » 
or other devices. This 11*0 baud auxiliary 


irge senile computer center 160, 
channel provides serial 
data at a rate/ of approximately 1x10 b^tfs per second. Eleven bits 
are required for each word; com^parsing a start pulse, eight data 
pulses and twjo stop puj^sesy/ln this invention, the data processor 
112 performs the timing r/control , sequencing, and buffering operations 
associated witrKtiie — /signal processing and command signal 
generation under program control, thereby eliminating the requirement 
for prior art interface control devices. 

For data inputs, a well-known transistor line receiver 
circuit provides/ digital integrated circuit signal levels. Now 
referring to Fi^g. Sj the data processor periodically samples 
the input line/ with a Skip-On-Discrete SD instruction thru 
Discrete Input-2 DI-2 on pin 69 (which is a Skip On ASR input 
relating to the Teletype Corporation typewriter Model ASR-33) 
under program control 
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to detect a start pulse. If a start pulse /is not detected, the 
data processor performs other program operations . If a. start 
pulse is detected, the data processor branches to sn Input program, 
performing time delay calculations to deYermine when to sample 
each successive input sequential "bit. Tyhis sample time delay 
precludes errors due to noise such as s/ritch bounce that occurs 
at the transition between binary state^. The data processor 
assembles the successive serial bits tfrom this input into a digital 
word, further processes that word foy 7 a pari-ty— check and a BCD 
to binary conversion and stores the /atalfor laterr use. The 
data processor treats these input ^L'gnals as rudimentary signals 
which have a quasi-digital characteristic "Wther than as absolute 
digital signals because these/ rudifoentary Qsjgna ls have non-digital 
characteristics • 

For data outputs , /the. da-t^a processcyr generates 
commands by loading a sequence o^ digital 
an interface command flip-flop aft approximately 
that 110 cycle bit rate 

The data processor assembles tMe eight bit 
data word with a one bit leading^tart pulse and two bit trailing 
start pulses in the A-Reg4^te^-<L S . This word as updated is stored 
in the data processor for successive output iterations. The data 
processor fetches this word /from storage, then outputs this assembled 
word to the appropriate auxiliary output channel at a 110 baud 
rate (approximately 0.009 ybecond intervals), where the appropriate 
data bit is latched in an/ interface flip-flop for this period of 
time inbetween outputs, jfrhere this output flip-flop latch excites 
a well known interface line driver to drive the output device. 
Two auxiliary output cnannels will be described for this system, 
while others will then/become obvious to those skilled in the art. 



d bits into 
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The first output channel will be described with reference 
to Fig. 5B. The output word is assembled with /the start pulse 
in the most significant position of the A-Regijfeter (A^Q), with 
the -next sequential data bits in descending oyrder in that register 
The Zll flip-flop is used as the output flipAflop latch to 
generate the YL-5 output signal on pin 50 to the line driver and 
output device. The A-Register word is output under control of 
the EX-7 input/output instruction, where Jthe A-Register contents 
are shifted into the Z-Register as Pb(Ao6) on pin , with the 
EX-7 instruction gated clock provided as 0W-7 on pin 5. The 
most significant bit of that output wo^d^is^la^tchedjup in the 
Zll flip-flop to provide the YL-5 output signal. The assembled 
word is loaded into the A-Register/'arfd is^next^shif ted left to 
place the next sequential data bit i/n the mo^-t significant 

Ite 


terataon, 


stored in the data 


30 


position for the next output 
processor for further use./ 

The second output/channel Arill be described/with reference 
to Fig. 5/\„ The output' word is Assembled l/wi th^he start pulse 
in the least significant position of the^Register (AoQ) , with 
next sequential data bits in aicend,i-n% order in that register. 
An interface flip-flop latch Such/as latches 1^1^ (Fig. 5A) is 
used to generate an output signal to a line driver (not shown) 
and output device. The A-Rergister least significant bit signal 
AoQ on pin 80 is presented /to that interface flip-flop, which is 
then clocked with the DO-y pulse on pin 71 (which is the ASR 
Output Set relating to thfe Teletype Corporation typewriter model 
ASR-33) generated with Discrete Output-1, DG-1 , instruction. 
The least significant b/it of the A-Register word AoQ is therefore 
latched up in the interface flip-flop to provide the output signal 
The assembled word is/ loaded into the A-Register and is shifted 
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right -to place the. next sequential data bit/ in the least 
significant position prior to the next output iteration, ther 
stored in the data processor for further 

The auxiliary I/O channels 128 can/ accommodate various 
other I/O devices 152-158 and the data link 150 can accommodate 
various other external devices 162 as w;yll now become obvious 
to those skilled in the art. 

In yet another embodiment of thAs invention, the numerical 
control system 110 receives parts proygram conimands'^rbm a remote 
computer facility over a data link lpO suc-H^as^a telephone line. 
The data processor 112 is responsiv/ to^nXs~^parts program 
information and generates response^ over the dajta/link 150 to 


verify receipt of the information/ request mo 
other such communication. Fo/r example , the 
transmitted over the data ldnk ^50 to the C 
block at a time. 



rmation, or 
pjrogram can be 
110 one 
block as 


The GN^/systefm 110 execute 
received to control thermae hi nfe 124 as^cc^rmanded by the parts 
program. The CNC system 110 /also requests a new block when 
required. This form of \ operation permits CNC operations without 
the requirement for the pal^tfs program memory or the tape reader 
as the sources of parts pyogram commands. 

CNC operations may use the operator panel controls such 
as the selector switches and momentary switches. The control 
panel 114 permits convenient addition of switches as described 
herein. The lamp and/ numeric displays inform the operator of 
the system condition's. Position of the Mode selector switch 2*4-0 
in conjunction withf the CNC condition lamp displays 2?0, 
272, 274, 276, 27JB define the response of the data processor 112 
to operator comnjands. 
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One of the modes of operation provides/ -typewriter inputs 
such as with a Teletype Model ASR-33, connected to the system with 
well known interface devices for communication between the operator 
and the system. Various letter symbols /typed by the operator are 
used as commands to the data processoy such as E for edit or input 
a tape, G for check: a tape, R for record or output data and other 
such symbolic commands. Numbers /f/llowing/a letter command further 
define the command parameters.' 

Still another means fo r /providing CNC commands is over a 
10 data link 150 such as communicating wiyfch a remote computer system. 
This remote computer system/may be a /time'' share system, a remote 
batch processing system , jdt other-computer system such as the 
System 360 manuf acturedj/by International Business Machines and 
the Model 1103 manuf at/tured—by Univac . 

CNC commands /can be obtained from many sources to select 
the modes of operation, the sources of parts program commands, 
and other commands . 
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Data Processor Description 

// As shown in Pig. 1A, the data processor 112 receives 
data from the various input sources, perforins calculations or 
otherwise manipulates data in accordance with the input infor- 
5 mat ion and outputs processed information to control the 

machine 12^ through servos 120, 121 and 122 and auxiliary control , 
signals 126, The data processor is built from series SN7^00 
integrated circuits manufactured by Texas Instruments, Inc. 
which are located on a series of printed circuit boards. These 
lO printed circuit boards plug into a Mother board which provides 
necessary interconnections between the terminals of the printed 
circu it boar ds • 

f ^^y^^^^he architecture of the data processor 112 lends 
_^ , :J "-'^l^ol'f to a fully integrated circuit computer mainframe where 
15 all of the logic may be implemented with integrated circuits in 
a conventional manner and additionally includes an integrated 
circuit scratch pad memory (SPM). Further, this data processor 
112 has the architecture to use an integrated circuit read-only 
memory (ROM) in place of or in addition to a core memory 
20 such as for the main memory 130 providing a data processor 

wherein the digital portion is constructed wholly of integrated 
circuit components • 

A general purpose data processor is provided which is 
fully implementable with integrated circuits. Thus, an integrated 
2.5 circuit read-only memory (ROM) provides an example of a 
capability not found in present data processing systems. 
Other examples are a random access memory (RAM) and other types 
of flip-flop memories used alone or in combinations of integrated 
circuit memories for this data processing system* 

The data processor* _ii-2 is organized to process 8 bit 

■ Kb 

words with most working and storage registers having a 16 bit 
capacity permitting the storage of two words. Serial transfer . 
of data is used throughout the data processor 1I2 to minimize 
the control logic required. 

t/o ' • 
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In a simplified block diagram, "the data processor 112 
is shown in Fig. IB as control logic 102 interconnecting registers, 
timers and communication channels, 

^^^^--"^The basic timing operations' of the data processor 112 

re performed by a word timer 104 and a] bit timer 106.. The 
synchronization of the data processor 1L2 is orovided by an 
8 MHz clock signal which is included ad part of the control 
logic 102. A synchronizing clock signal is an asymmetric square 
wave, the positive portion of which isl designated and the 
negative portion of which is designateji P^. An asymmetrical 
character of the clock signal permits k longer clock period 
without sacrifice of processing speed J The word timer io4 is a 
three-bit counter with associated decide logic. It counts from 
to 7 as the data processor cycles -through the micro-operations 
during the performance of an instruction with each micro -operation 
being performed in a different word pine. The associated decode 
logic provides eight output lines, elach being true during one 
of the eight different counting states of the word timer 10**-. 
These output signals are used by thfe control logic 102 for sequencing 
the data processor through the micno-operations associated with 
an instruction. The bit timer is & four-bit binary counter with 
associated decode logic. The bit /timer 106 counts down from 
15 thru O and consequently the associated decode logic has 16 
output lines, each going true during a different one of the 16 
possible counts of the bit tlmer/l.06. The bit timer 106 provides 
sequencing and timing within a given micro- operation or word time. 

An accumulator (A-Register) 108 is the basic arithmetic 
register and is used as the repository of the results of 
arithmetic and logical operations. It is also the source and 
destination of the* Input/OutpJt (I/O) parameters. The A-Register 
is a 16 bit serial- in, serial^out shift register. 

Associated with the A-Registefr 108 is a serial full adder which 
is included within the control logic 102. 


information 


A scratch pad me, 
intermediate computational 
and other pertinent 
internal storage without t 
5 main memory. It is a grou 
registers which are divide 
on each page. Paging is a 
which automatically select 
A memory address 

10 12 bit address of an eight 
memory. The M-Register 17 
the capacity to address up 
It has a serial input and both 
Associated with the M-Register 

15 within the control logic 102 ij 
increments the M-Register 
or, as applicable, the ne: 
The M-Register is incr 
the condition for that 

20 of two bytes. The M-R< 
Skip-On- Discrete (SD) : 
with the SPM 2 register 
exchanged with a data add 
access operands from the oi 

25 exchanged with the SPM 2 r 
which causes the contents 
in main memory. 

The data a 
bit shift register t: 

30 is used to select; (; 
(c) number of shifts 
being executed. The 
output, with the eighy 
parallel outputs in 



storage for 
ses, indexes 
vides rapid 

data to the 
i, serial out 
> registers 
a flip-flop 
is turned on. 
72- holds the 
I from the program 
.ater having 
>ry locations. 
. outputs • 
L as being 

which 
tructions 
instructions • 
instruction when 
suiting in a skip 
y three for a 
ster is exchanged 
ons and 
17*4-. to 
Register is also 

an ST instruction 
stored 

7^ ,is a 12 
address and 
hannel, and 
of instruction 
and serial 
i ) having 


A Cl- 
s-tore -the six m 
obtained xrom p 
-10 store the : 
5 respectively as 
These instruct! 
the execution o 
micro-operation 
instruction . 
10 An element 

miscellaneous fli 
K 2 flip-flops are 
micro-operations , 
of "the operand in 
15 number during a T 
extend "the A-Regi 
Register acts as th 
flip-flops may be g 
and may be used to / 
20 i e also used as an 
left operation wi/th. 
and as an A, 
ie used as a car: 
full adder. It 
25 to the M-Regist 
D-Register word 
A Kq flip-flop : 
the M-Register 
and flip-flops 
30 C-Register# 

An el em 
miscellaneous 
most significant 
and turn-off o 



flip-flops which 
-bit instruction 


output lines (I), 
ster during 
sequence of 
e of* the 

5 is a group of 
is. The K . K x . and 
equencing through the 
to store the sign 
of a decremented 
op is also used to 
peration where the K 2 
K 3 , K^, and Kcj 
designated a KA-Register 

index. The KA-Register 
er during a shift 
s an A..^ stage , 
. K 7 flip-flop 
with the A-Register 
f the D-Register contents 
to multiply the 
M-Register byte address, 
in conjunction with 
scribed, the K 10 
icant bits of the 

is a group of 
ontrol operations. The 
h controls turn-on 
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@ ^1 IP 


Input/Output (I/O) channels 183E connect the A-Register 
with the various entities and extremities. The I/O channels 
are arranged in pairs so that as the ontpu>^from/ the least 
significant bit (A Q Q) of the A-Regist^^hif^a/inf ormation to 
^ an output channel a corresponding irrout chadhel may simultaneously 


10 


che input to the 


shift information into the A-Reg^st^er th 
most significant bit (Aj^D) . 

A data path 184 provifde/s twp^vja'y communication between 
the data processor and the mai^/mejn6ry^ This path carries 
the main memory address stored i£i the M-Resister and "transfers 
Operands to or from the main nfemory data register (I). 
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The program instructions for th^ numerical control 
system 110 are encoded as 8-bit bytes, eaafh byte being stored 
in a different program memory location of' the main memory. 
Instructions may have multiple bytes, but most have a 
length of only 1-byte. Each instruction contains an operation 
code in the most significant portion / and, when required, an 
operand address in the least signifi/cant portion. Indexing 
is achieved with an index functional modifier byte preceding 
the instruction byte containing art operand ad^res^ is to be indexed. 
10 Operands can be located in any 02f the S-PM Registers, the constant 
memory part of the main memory / or/in bytes/following an 

instruction (in line) in main /memory^ 

A brief description of data processor interface instructions 
will now be presented to exemplify data processor operation. A detailed 


15 description of the data processor ins, 

in the copending application 3/N 19a, 881. 


ion repetoire is provided 


The Input/Output (EX) instruction^ is a one-byte indexable 
instruction, wherein the four most significant bits identify the 
operation code and th/e/four ledst significant bits identify 

Whe^ an £X/£ns true t ion is executed, the 


£r is output to the addressed channel 


2 an I/O channel addred 

contents of the A-Regi^s 

defined by the operand address portion of the instructions and the 
contents of the addressed channel are simultaneously loaded into 
-the A-Register. Jh shift enable signal FAB is output to gate 16 
lock pulses to yfche selected channel. The FAB micro-operation 
ccurs in word /time 1 for an Input/Output instruction and has a 
duration of lo/bit times. The contents of the A-Register 108 
are shifted tyb a selected output channel while the contents of a 
elected selected input channel are simultaneously shifted into 
30 the A-Register. 


25 
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The data processor 112 can generat^ discrete outputs 
(DO) with a Discrete Output instruction undjjr program control. 
DO assignments are t 


The 


15 


25 


DO-0 
DO-1 
DO-2 


DO- 3 
D0-4- 


DO-5 


DO-6 


DO-7 
DO-8 


Spare • 

Provide clock pulses to ASR-33 (teletypewriter). 
Provides a clock to pet the power turn-on 
interrupt, • A D(6-2 instruction (1100-0010) 
program memory location 
power turn-on. 


will be contained 


ifO 


16 


to reset I# 1 


Iteration timer 
Trigger to 1g\.4 
input • The^ I 


r eset 


set during th 

Trigger to' 1/ 
inpu^. The I 
set during 
Trigger t 


DI-6) iriput. 


tch, /the discrete input MDI-4) 
C'lip^flop is automatically zero 
po/frerl on sequence • 

,/ the discrete input-5 (DI-5 ) 
^-flop )ia automatically zero 
-on sequence. 
Ill l^ch, the discrete input-6 . . 

'The Xi± flip-flop is automatically 
power turn-on sequence. 


30 


f zero sejt dur/ng 
Intensity /onjbrol 

Toggl^s / /th^ / I 1 flip-flop causing scratch pad 
Edging. 

DO-9 Mai/i memory paging. 

DO-10 No/fc implemented, 
DO- 11 Syervo set. 
The Discrete Output (DC) instruction is a one-byte 
indexably instruction, wherein the three most significant bits 
define the operation code and the five least significant bits 
define an output/ channel address. An FAH discrete output 
signal, an invented 3 microsecond pulse, is generated on the 
addressed output channel. 
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15 


25 


30 


The data processor il2 can operate on a discrete 
input; (DI) with a Skip-On-Discrete instruction under program 
control. The discrete inputs are various low frequency digital 
signals. The purpose of the discrete^ inputs is to define a 
status or condition; The DI assignments are i 


DI-0 

DI-1 

DI-2 

DI-3 

DI-4 

DI-5 

DI-6 

DI-7 

DI-8 

DI-9 

DI-10 

DI-11 


'from A-Register. 


2tic 
most 


is a one-byte 
significant bits 


Not implemented. 
Skip unconditional. 
Skip on ASR-33 /(teletypewriter) , 
Skip on the sign of (A). 
Skip on I 2 Q lltch (DO-4 trigger). 
Skip on IjQ l/atch (D0-^tr±gger ) , 
skip on Ij^Q /Latch trigg^ 
Skip on logical/overflow in 
Used for troubleshooting 
Skip on arithmetic carr 

>sitive • 
Skip on' keirro ready. 
The Ski p- On- Dis o/ete (SK) inst 
incf exable Instruction, /Wherein the thr/e 

identify the operation/ ccfde and the five least/significant 
bits identify a discrete/ input channel address. If a discrete 
exists on the addressed/ channel, /three^bytes (usually a transfer 
ins-true tion) are skipped and the .next instruction is obtained 
frcan the fourth byte WollowJ^ng the Skip-On-Discrete instruction. 
If s. discrete does no^ ;e-3cist on the addressed channel, the next 
insftruction (usually/ a three-byte transfer instruction) is 
obtained from' the tjiree bytes immediately following the Skip- 
On-Discrete instruction. The FAG micro-operation occurs in 
word time 1 for th/e Skip-On-Discrete instruction and has a duration 
of 2L2 bit times. / If the selected discrete is true, the M-Register 
1-72: is clocked and incremented by three. If the selected discrete 
is false, the j/-Register 172 is not clocked and is therefore 
not increraenWd. 


« 


10 


Operator Panel 

An operator panel in accordance with the present 
invention provides bidirectional communication between an 
operator and a data processing system /via intermediary 
binary digital words. The interactive control system may be an 
^elemental extremity of the data processing system, providing 
[unprocessed rudimentary data for a/data processor and receiving 
ipreprocessed data for control of display illumination from the 
data processor. This elemental c/ontrol system is dependent 
on data processor coaction for performance of the task of 
interactive communication with operator. The data processor 112 



25 


operates under the control of 
interpret input words , produc 
and provide , output words ha; 

An elemental pane 
type disclosed herein are p! 
means for receiving panel e 
for coupling elements , and 
conductive paths for sign 


selected stored program to 

'ppropriate system response, 

n .appropriate format. 
ll**ffor lise J.n systems of the 

ependent structures having 
ts/ having circuit conductors 
g electronic means in the 
processing. By this arrangement. 


uncommitted elements can be added or changed and the significance 
of given panel positions /can be determined at processor option 
under program control without being previously committed through 
wired operations. The ibutputs of operator controllable selector 
switches and momentary/ switches are transformed to binary codes 
for greater efficiency. The coded outputs from the momentary 
switches may be gated/ to latches which hold the information 
|until sampled by the/ data processor. Appropriate interlocks 
and interlock overrides may be used to control the effect of 
jcontinuous depression of a momentary switch. The binary coded 
30 fo.utputs of each selector switch and the combined momentary switch 
are combined to fprm a single intermediary input word with each . 
binary coded output occupying a different portion of the word, 
he word is theny sampled and interpreted by the data processor. 


A display panel 118 is composed pf both lamp displays 
and numeric displays. Each lamp display djfiver may be connected to 
ooerate in response to a different bit of /a lamp display register. 
In one embodiment, when a register bit stores a binary M l" or is 
"set", the lamp display element is lighyed . The data processor 
provides an output word to the lamp disyblay register comprising 
packed discrete lamp control bits, wheirein each bit controls a 
corresponding lamp which is lighted lA response to the storage of 
a "1" bit or extinguished in response to a "0" bit. 
10 The numeric display elements may be segmented tubes, 

Nixie tubes, or other devices for displaying a selected character. 
A single numeric character display/ register may be used to control 
all of the numeric displays. Outfcu-t worlds may be transferred to 
the numeric display register at/^i rapid /periodic rate for refresh- 
15 ing the display. One portion/of these/ words contains a tube 
(element) select code identify}! 
plurality of elements and/ a se 


35 



:ular element of a 

word contains a 


f th> 


segment select code identifying the segments/ to be illuminated 


for a character to be displayed on the se^cted element 
logic, element select /drivers , and char: 


/ 


Decoding 
ter drivers are responsive 


to signals from the n'umerio' display register to excite the selected 


»gment drivers of t; 


is selected in turn, 


e selected numeric display tube to be activated 


:ha|i 


to display the output character./ Each numeric display element 


sequentially, to display a related 
25 character. In order Vto refresh the numeric display at a flicker- 
free rate which, in one^Wdiment , may be thirty times per second; 
the data processor operating under program control outputs a 
sequence of display words to be stored in the numeric display 
register at a cyclic r/ate of thirty times the number of numeric 
30 word displays desired/ each second. In an embodiment having eight 
numeric display elements and refreshed at a thirty displays per 
second rate, the dati. processor word output rate would be 2*K) times 
per second. This oJtput rate may consume only a small part of the 
operating time of a/ modern high speed data processor. 

The lamp display register and the numeric character 


disolay register n/ay each be well known registers, but in a 
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preferred embodiment are registers such as "tiYe C-Register 560 
and the C-Register extension 670 shown in Figs. 5A and 6, respectively. 

The reduction of direct wiring .connections between the 
interactive control system and the data processing system not 
only reduces manufacturing costs but provides tremendous 
versatility for changing system tasks -bo which the data processing 
system may be committed. Panel elements are not committed by 
wired connection to system circuits but are committed under 
orogram control of the data processor, providing generalized 
elements whose significance may be Readily changed through 
changes in the task defining progrAm^ Sysjtem controls and outputs 
can be varied by merely adding or/deleting spare switches and 
spare displays and by changing /associated captions or legends 
which identify panel elements^ t<p an operator in the interactive 
15 control system. Corresponding /chans^s ind_ata processor responses 


are accomplished by making^apiifroi: 


te\ changes in the stored program. 


establishing bidirectional communicatiion between an operator 


Controy 


and data information 


and a data processing syste/r ^ 
2 passing between an operatof and the ys^stem passes through 

an electronic data processor via tb/e 7 medium of intermediary 
binary digital words. 

As shown in Fyig^s^J^ and 7 A , an electronic data processing 
system 110 includes an electronic data processor 112 and an 
25 interactive control system 117. In general, the electronic data 
processing system may ybe any such system but the full advantages 
of this invention are/best realized when used in conjunction 
with a system which Has been committed or dedicated to a specific 
task or family of ta/sks such as numerical control, payroll, 
30 accounting, or inventory control. It will be assumed herein, 
however, that the /electronic data processing system HO is 
committed to the t£sk of numerical control of a machine. 
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The interactive control system 78(3 includes an 
operator panel assembly 117 mounting varioyfs panel devices and 
may include devices such as gates 624, one shot 762, trigger 
logic 678, and latches 620 which are physically located on 
available space of a printed circuit board within the electronic 
data processor 112 but which may ope/rate^-a's P^T^ °^ 'the interactive 
control system 117 • 

As shown in Fig, 2^a^a^f^pane^/ board 2 32 provides 
physical support and interconnection for Ic^nponents and circuits 
including a display portion 11/8 and a comrol portion 114 of the 


operator panel 117* 


a tjrinted circuit 


The panel board 21 
board having conventional spaced apary/ aperture's or recepticles 
locations 240 and/24l into/which selector 


such as at switch _ 

inserted 


switches may be 


15 switches may be i'nsertjad 


L 


and 246^,and 260/into which momentary 
Printed cipcuit wiring to each of the 


element positions and/ some eiectrorric circuitry may be mounted 
on the back of the j/anel /board 2<32 to facilitate error free 
communication with^tM data processor 112. By placing this 
circuitry in clos4 proximity to the switches and displays, signal 
lines are reduced in length and quantity and wire bundles are 
reduced or eliminated. 
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As illus trated in Fig. 2A, the* Interactive 
Control System 117 comprises a control -panel 11*+- 
and a display panel 118 mounted in a sangle 

rectangular plane with the display jfanel 118 occupying the upper 
portion of the plane and the control panel ll** occupying the 
lower portion of the plane. The ^Lefthand portion of the display 
panel 118 is occupied by status /Indicator lamp displays 233 such 
as the Power. On indicator lamp/23^ and an error indicator lamp 236. 
These lamp displays provide feedback to the operator by indicating 
10. system modes and conditions./ A>3rrtatus indicator lamp displays 233 
are enhanced with a specialAfllter t<t, suppress glare and provide 
an easy to read, aesthetically pleading presentation. Displays 
and legends that are not /illunima-^ed /are obscured behind the 
filter, simplifying ^rap^/d appraisal ybf system conditions and 


15 eliminating the need to^ mentally se 
din ate ■< 


illuminated displays 
from non-illuminated b'ut vis ibie^di/s plays . Included within 
the status indic^or/lamp display^/ 2 ^/'are a bank of troubleshooting 
an 


lamps such as 


/ 


error indication lamp 236, which are normally 


obscured behind the filter, butAbecome flashing displays if 
20 a malfunction .or error shouldybccur . The righthand portion 

of the display p&nel 118 is ^composed of eight numeric displays 238 
which may be usyed to identify the magnitude of system parameters. 

Each/ lamp display 233 is driven by a well known 
lamp driver circuit which is controlled by one bit in a lamp 
25 display register 700. The lamp display register 700 stores 

an intermediary output word, output from the data processor 112. 
which defines the status of the lamp displays 233. In contrast, 
the numeric displays 238 are driven sequentially in accordance 
with an i'ntermediary output word stored in a numeric display 


30 register/ 798 . 
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Each numeric display lamp 238 is exci/ted at a 30 cycle 
per second flicker free rate under program control in accordance 
with information contained within a numeric display register 798. 
Since the numeric display register 798 controls the excitation 
5 of all eight numeric display tubes 238, its /content may chanee 
at a cyclic rate of 8 x' 30 =* 2*4-0 times per /second. When an 
intermediary output word is clocked into the numeric display 
register, the first three "bits select the' one of eight lamps 
to he driven. The remaining "bits withinf the numeric display 

IO register select the segments within the/^driven jnumeric display 

which are to be excited. This arrang^nentVffiords high versatility 
with reduced hardware. The operation/ of eajcn numeric display 
is under program control and only on4 numeric display register 
is needed to drive all eight numeric di^^^ajfsT^ ^ 

15 The control panel has thfee/iseiector switches and a 

plurality of momentary switches as shovm in • 2A and 2B. The 

three selector switches; a/ Mode switchr 2^0/ a Jog switch 2*fl ? 
and a Parameter switch 2^2; are /multiple^ position rotary switches. 
The Mode selector switch / 2^0 deff ineSyOne of the six operating 

20 modes of the system, the Jog s/electbr switch 24l defines the 

machine displacement for^achrjog command executed when in the 
jog mode, and the Parameter selector switch 2*4-2 defines the 
parameter to be displayed oA the numeric displays 238 and, when 
in the keyboard mode, defirfes the address of the parameter to 

25 be entered through the key/board 2**-**-. The remaining switches 
are momentary switches which maintain contact only so- long as 
they are held down. / 

The Mode selector switch 240 defines the major operating 
conditions of the system which are 1 (1) Search, (2) Index, 

30 (3) Continuous, (4) Blc/ck, (5) Jog, and (6) Keyboard. The 
Search position 290 of the Mode selector switch 2*J-0 permits 
an operator to identify a desired part program block of commands 
from a punched tape or from a self-contained parts program memory 
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such as the main memory 130 in systems where rfchis capability 

is provided, and then initiate an automatic /search for that block 

of commands. A sequence number, which is us£ed to identify the 

selected block of commands, is entered by an operator through 

a keyboard 2 **•**•. The number which is entered through the keyboard 2*4-*4- 

is processed by the data processor under forogram control and 

displayed on the numeric displays 238 to/ permit the operator to 

verify the number which has been entered. 

The numerical control system Houses a machine index 

ooint as a reference for machine oositions . / The Index position 

/ * / 

of the Mode selector switch 2*4-0 cause's the' data processor 112 


to command the machine axes to retu: 


Z. 


index point. When in the indeoc mod- 


tp^Jthe previously defined 
/degression of the Cycle 


20 


Start switch 2*4-6 will command the j&a'ta processor /l 12 > to generate 
15 commands 123 to the servos / 12.0- 122 to elrive the machine to the 
index position. 

The Continuous position c/'f the/Mode selector switch 2*4-0 
is used after system initial! zatio/n and/ initial work piece 
setup. Depression of t(ie Cycle/ ^tar£ switch 2*4-6 by an operator 
while in the Continuoui mode 3p8 9-omniands the data processor 112 
to initiate automatic oW^fiin in response to the parts 
orogram commands from the tape reader 116 or other source of 
narts programs. 

The Block position 286 of the Mode selector switch 2*4-0 
25 permits an operator to control the numerical control system 110 
in a semi-automatic mode for operations such as parts program 
checkout. In this mode, -She data processor 112 accesses a 
single block of commands pom a parts program, executes the 
accessed commands, then inters the Cycle Stop condition. When 
in the block mode, a pants program can be executed one block at 
a time by having an operator depress the Cycle Start switch 2*4-6 
for each block executed 


30 
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The Keyboard positio 
permits an operator to control 
A block of parts program command 
through the keyboard 244 and the 
when the Cycle Start switch 246 
When commands are loaded through 
processor 112 will process these 
commands on the numeric display 
easily corrected by the operato: 
causing the data processor 112 
and by the operator reentering 
Keyboard 244, causing the data 
commands entered by the operato 

The Jog position of 
an operator to command the data 
machine in a semi-automatic ma 
initial workpiece setup or ind, 
selector switch 24l and the^ l/g/D: 
by the operator to command 
the machine. In this marmef 


/, 



ode selector switch 240 
a semi-automatic mode, 
red by the operator 
the data processor 
by the operator. 
244, the data 
display the loaded 
nput errors can be 
Clear switch 250, 
numeric display 238, 
through the 
to display the new 

ctor switch 240 permits . 

reposition the 
tions such as 
friction. The Jog 
te'hes 252 may be used 
112 to reposition 


the data' processor can be commanded 
by an operator to contro'l the machine through the servos so that 
the machine may be posi^ioried with /a minimum of effort, fixtures, 


readouts, and optics wi 
The data processor 112 
25 position commands under, 


th&n the resolution of a system (0.0005 inch), 
the n&merical control system 110 generates 
program control in accordance with the 


distances and directions selected by the operator without 
burdening the operator with tedious measuring functions. In 
addition, the data processor 112 controls the numeric displays 238 
to show the machine /cosition, providing verification for an 
operator while in uhis mode. 

The Jog selector switch 241 becomes operative when the 
Mode selector switch 240 is in the Jog position and defines the 
magnitude of machine displacement for each jog command executed. 
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The selectable positions are* (1) Contihuous, (2) 1.0000 inch 
ster>, (3) 0.1000 inch step, (4) 0.0100 ^ nch step, (5) 0.0010 inch 
step, and (6) Increment. 

The Continuous position of* jthe Jog selector switch 2*4-1 
commands the data processor in the system to control the servos 
to drive continuously in a direction therein the direction is 
commanded by one of* four Jog Direction switches 252. These 
direction switches 252 are interrogated by the data processor 
and command , the data processor to afontrol the servos to drive 
the machine left, right, in, or oi/t depending upon which one of 
the four Jog Direction switches iys depressed. \ While in the 
Continuous Jog position, the machine is driven/ continuously by 
the servos as commanded by the / jlata processor' in the commanded 
direction for the duration^of /ime that a J^g Direction switch 
is maintained in a depressed sftate^ 

The four ste-p positions of 
cause the data processor to /command y 
machine a selected step distance ea 
is depressed. 


She Jog selector switch 2*4-0 
le servos to drive the 

Lme Jog Direction switch 


The Increment position <of the Jog selector switch 241 
commands the data^ processor to ccmtrol the servos to drive the 
machine a single/ least significant increment of distance each 
time a Jog Direction switch 2^2 is depressed, 0.0005 inch in 
this embodiment of the /invention. When in the Step or Increment 
positions, regardless jbf ^whether a . Jog Direction switch 252 is 
maintained in a aVepres^ed state for a short time or continuously, 
the data processor wiAl command the machine to reposition by 
only the single commanded step and then to halt. Additional 
motion can be initiated by the operator by releasing and again 
depressing a Jog Direction switch 252. This data processor 
interlock eliminates the need for rapid operator response, since 
the precise step commanded will be executed independent of the 
duration of time that a Jog Direction switch 252 is depressed. 


-89- 


15 


25 


The position of* "the Para 
defines for* the data processor the 
selects to be displayed on the nume 
the Mode selector switch 240 is in 
defines for the data processor the 
entered by the operator through the 
into the data processor and for dis 
Selectable parameters for displ 
(1) Sequence No.-N 223, (2) Absoluy 
Position-Y 226, (4) Arc Center 
(6) Auxiliary Command-M 231, and 

The Sequence Number 
to control the numeric display: 
block of punched tape commands] 


/. 


while the Mode selector ,switc 
positions and commands/the da*ta 
displays 238 to show /the se 
operator through the/ keyboard 


is in the Keyboard .positiorj 
2 /ini- 



lector switch 242 
r that the operator 
isplays 238 and, when 
Keyboard position 284, 
commands being 
eyboard 244 for entering 
the operator* 
embodiment include : 
on-X 227. (3) Absolute 
Arc Center- J 229. 
Auxiliary Command -G 293. 

mmands the data processor 
w the address of a 
from the punched tape 
ontinuous or Block 
to control the numeric 
being entered by the 


30 


Mode selector switch 
/keyboard entry operation is 
performed prior to /ini tiatying/a /tape search in the Search mode. 

The Absolute P^si'tion locations of the Parameter 
selector switch 242 commas the data processor to control the 
numeric display 238 to diisplay the position of the machine 
relative to the floating zero or index point. When the Mode 
selector switch 240 is /in the Keyboard location 284 and the 
Parameter selector swi/tch 242 is in one of the Position locations, 
the data processor is/ commanded to enter the position commanded 
by the operator throiigh the keyboard 244 and to display the entered 
position on the numeiric display 238. For example, when the 
operator wishes to position the machine to an X coordinate 
of 05.6000, he posj/tions the Mode selector switch 240 to the 
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Keyboard position 284 and the Parameter llelector switch 242 
to the Absolute Position X position 227/, then he enters the 
numbers 05.600O with the keyboard 244./ The data processor will 
enter and display this position numbey on the numeric display 238 
and the data processor will command 1?he servos to move the 
machine to this X position when the ^operator depresses the Cycle 
Start switch 246. 

In similar manner the A^c Center and Auxiliary Command 
locations of the Parameter selectdr switch 242 are used in the 
Keyboard mode to enter the commands from the keyboard 244. 

The momentary switches may be hermetically sealed 
reed relay switches. A latching irvterijock is provided to make 
the system insensitive to dynairfi/6 switch conditions such as 
switch bounce. In addition, y 6^l>e-rat:yon is independent of the 


30 


/A 


Lon where additional switch 


duration of time of switch >de 

commands that may result in' a/mbi Allaire's afe automatically locked- 


/, 


nentary switch remains 


iped into functional 
/rr example, the keyboard 
tion ^switches 252 are grouped into 


out as long as a previously 
depressed . 

Momentary switc^ 
arrays for operator cojnve^ 
switches 244 and the Jpg i 
functional arrays. 

The keyboard jz 44 is composed of ten numeric switches, 
defined as switches through 9. and a negative sign switch. 
The key can be used -jfco command the data processor to load a 
plus sign when required. The numeric and sign keys of the 
keyboard 244 are used/ to command the data processor to enter 
data in the Keyboard /mode and a Clear key 250, adjacent to the 
keyboard 244, is useJQ to command the data processor to blank 
the numeric display^ 238 prior to the operator entering data 
from the keyboard 2>44. An Enter key 254 causes a parameter 
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to be accepted by the data pi 
through the keyboard 2^4 and 
observation of the numeric 
the various parameters can 
by an operator. Parameter 


STter it has been entered 
verified/ by the operator's 
display 2p8 . In the Keyboard mode 
be entered or changed as required 
verification is achieved by an 


operator positioning the Parameter/ selector switch 2^2 to the 
desired parameter position, which/ commands the data processor 
to display the selected parameter on the numeric display 238. 
Parameter modification is accomplished by the operator depressing 
the Clear key 250, commanding -tfhe data processor to blank the 
numeric display 238, followed yby the operator sequentially 
depressing the sign and numeric switchjes of the keyboard 244. 
The data processor loads the/ parame teyr entered through the 
keyboard and provides a presentation of the entered parameter 
on the numeric display 238// The entered parameter may be 
automatically accepted T^y /^he co^hpi 
display under program /con 
The Cycle /Star 


e^rfoV processing and for 


are used by the operator /to c< 
and to terminate automatic operat 


> ahd the Cycle Stop switch 256 
nd the data processor to initiate 


cycle off condition, as/ identi/f ie 


mm and % 
* ration , 

'/rie</ by 


respectively. When in the 

the data processor illuminating 


35 


the Cycle Off status indicator lamp 271, "the operator can command 
the data processor to p-nita/ate automatic operation by depressing 
the Cycle Start switch 24fc . The data processor will automatically 
execute parts program o6mmands until detecting a condition that 
commands a cycle stop condition. Such conditions are enabled by 
the Mode selector switch and include! 

(1) defecting the required tape location in the search 

mode , 

(2 ) completing repositioning of the machine to the 
floating zero point in the index mode, 

(3) /completing execution of a block of tape commands 
in response to appropriate G or M commands contained therein or 
if the operator has depressed the Cycle Stop switch 256 in the 
continuous mode 
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35 


(**•) completing execution of a/single block of tape 
commands in the block mode, 

(5) completing execution of/ the jog command in the jog 

mode, and 

(6) completing execution /of a single block of keyboard 
commands in the keyboard mode. 

When in the continuous y(ode with the cycle on condition 
activated as identified by the Gy^le On status indicator lamp 213 
illuminated, the operator can command the data processor to 
discontinue automatic operation/by depressing the Cycle Stop 
switch 256. The data processof* will complete the execution of 
the block of parts program commands in process and then enter 
the cycle off condition as identified by the Cycle Off lamp 271 
being illuminated. When the dat^L processor is operating in a mode 
other than the continuous iho,de ^^J"* 1 tile cvcle on condition displayed 
it is not necessary for 1^ie operator to depress the Cycle Stop 
switch to discontinue at^tomatiq^ $ peration_.be cause, in all modes 
other than the contin^uc/us mod^, -^he^d'ata processor executes a single 
set of commands and /thfen automatically enjrers the cycle off 
condi tion • 


An Emergency Stop/switch 2p 


is used to discontinue 


automatic operation rapidly/ and to Force the system into a 
reinitialization ^nditipxV; After the Emergency Stop switch has 
,//t is 


necessary /Tor the operator to perform the 
ation sequence' prior to operating the system, 
iali za^ion sequence involves 1 
positioning the Mode selector switch 240 to the 


been depressed, 
system initial!^ 
The system ini/4 
<V> 

Jog position 

'(2) jogging the machine tool to the index position, 

(3) positioning the Mode selector switch 2*4-0 to the 
Index lopation, 

(4) depressing the Cycle Start switch 2^6 to load 
the index position of the machine tool, and, 

/ (5) if required, loading the punched tape in the tape 

reader 116. 
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The Jog Direction switches 
to define direction of motion and to 
to initiate this motion, but only whei 
mode. In addition, the position of 


are used by the operator 
immand the data processor 
the system is in the jog 
e Jog selector switch 24-1 


defines for the data processor the type of motion, i.e. Continuous, 
Step, or Increment. The jog directions of (l) Right, (2) Left, 
(3) In, and Out, may be defined /by facing the machine from the 

control panel side. A Jog Direction switch is provided for each 
direction of each axis or two Jog Direction switches per axis. 
For simplicity, only four Jog Direction switches are shown to 
exemplify operation in two axis. / AcLd-j, tional axis of control 

can be provided such as with additional pairs of Jog Direction 

71 A / 

switches . 

fommahd s the data processor 
to control machine motion'' to /sf^jy^mmedia/cely, but permits 


/th« 


operation to be resumed/by /the/ data processor when the operator 

/ 


depresses the Cycle Start .switch 


Image 


tches 262, 263 are used by 
'cessor to selectively reverse 
Alternate depression of 
es 262, 263, respectively, will 


A pair of Mirror 
the operator to commaid the 
the commanded directions of/motion 
the X or Y Mirror ImagK sw^jft< 
command the data processor/ to cause the Mirror Image status 
indicator lamps, contained in the bank of lamp displays 233, to 
change , state from +X or +Y to -X or -Y and conversely. The 
operational condition presented by the data processor on the Mirror 
Image status indicator limps 233 defines system conditions to the 
operator. Additional Mi/rror Image switches and lamps can be 
provided for additional/ axis of control. 

The control /switches of the control panel are not 
hardwired directly int£ the control panel lamps and other 
functions. Instead, -tfhe data processor periodically samples 
the status of the various switches under program control. The 


10 


15 


data processor then f urther acts under program control to operate 
the various entities or the system in /accordance with the status 
of the control switches. Because tYiJ switches are sampled in 
this way as opposed to being hard wired, the basic numerical 
control system 110 can be used for/a different but related 
application by merely providing different extremities, changing 
the designations associated with/ the various switches, and changing 
the program which interprets j^vanious switch positions and 
causes the system to reacj^ac^ordinfely . In addition, existing 
switches can be easily/deleted //) ±f desired » s Pare capacity 
permits the addition/of ei Aer/e^tfca~momentary switches or extra 
selector switcheyr even/adjdirtiohal positions of existing 


selector switche 


In order to ifeduce the/number of wiring connections 
and facilitate/ convenient pjpoc-essing , the? individual switches 
and switch positions/ are f^rst encoded into a binary format 
before being presented td\/the data processor 112. The encoded 
positions of the I^ode^se lector switch 2*4-0, Jog selector switch 2^1, 
and Parameter selector switch are shown in Tables I, II, and III 
respectively. 
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TABLE I 


P2 

P2 

PI 

















1 





1 



. 1 





1 . 





1 

1 



1 

1 

1 





1 





1 



1 

1 



1 / 

1 

1 

/ 

1 

1 

10 

1 

1 

/ 1 

1 

1 

/ 1 


^In a. similar* manner, ally of the^iomentary switches are encoded 
20 into five binary bits designated SO, SI, S2, S3, S*f, as shown 

in Table IV. These five bits yean accommodate up to 31 momentary 
switches. In addjition,j a sixth bit, V s provides a verify function 

for the stop switphes . 

\ j 

The encoded selector switch bits are combined into a 
25 single sixteen bitNwr^d having the format of P3, P2, Pi, PO, 
Spare, J2 , Jl , JO, M2 J Ml, MO, Spare, and four zero states 
shown in Fig. 5B with/ logic gates 562 • This word is serially scanne 
into "the central dat^f processor 112 with logic gates 5'~2 (rig, 53) 
whenever the selectot switches are to be sampled under- program 
30 control. Similarly,/ the encoded outputs of the momentary switches 
make up a separate word which is periodically sampled under program 
control with logic /gates 672 shown in Fig. 6. 
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Three multi-position selector switjbhes , a Mode 
selector switch 240, a Jog selector switch 2*4-1 and a Parameter 
selector switch 242 provide primarily contrfbl type functions. 
Because hardwiring of* switch controls is avoided by having 
intermediary output words communicated to /and interpreted by 
the data processor 112, the number or sel/ector switches as well 
■ as the number of contacts on each selector switch can be easily 
varied to meet the requirements of a specific application. 
The selector switches are implemented by grounding the wiper 
arm and connecting each switch con/tact 248 to a positive 

voltage 245 through a resistor 247. fl/his arrangement causes the 
signals 812 from the contact outputs / to/re]pre sent the inverse of 
the selector switch position, a con/lii 
to modern integrated circuit logic/'gate 
As shown in Fig. 7, the//7 si/ 


particularly suitable 


Is 750 from the 

the 7 signals 751 from 
24l/are each converted 
'3-t>it binary coded 
Similarly, the 15 signals 752 
neter selector switch 242 are 
4-bl/6 binary coded signals 555 • 

£d to Scanout and I/O Charinel-0 562 
signals 553. 55^t 555 "to a serial 
intermediary binary digitajt~~word IW-0 as they are shifted into 
25 the A-Register 788 of the /data processor 112 under control of 
an input instruction. 

Although each <&£ the encoders 726, 728 and 730 can 
accommodate one more inp^ut signal, the binary coded output 
represented, by binary ail zeros is not implemented to permit the 
data processor to detect a switching error.- If a wi-oer arm of 
a selector switch 240,/ 24l or 242" is between contacts or fails 


contacts of the Mode selector ^switchL 
the contacts of the Jog selec/tor switch 
by encoders 726 and 728 respectively iny 
signals 553 and 554, respec4iyely 
20 from the contacts of the ^an 
converted by an encoder 730 fio 
These encoded signals are 
which converts the parall 
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-to make uroper contact with a contact, tne associated encoder 
726, 728, or 730 provides an all zero oi/tput. The data processor 112 
interprets an all zero output as an error condition and, after a 
short delay to allow for normal switching time, commands an 
"error" display lamp 236 to be illuminated. 

Referring now to Fig. 2B, /24 momentary switches 73^ (Fig. 
typified by switches 262, 263 are moAmted on the panel board 232. 
As described for the selector switches 240, 2*4-1, 242 j the 
number of momentary switches 73^ caln be easily varied to meet 
the requirements of a specific application. The circuitry of the 
present embodiment can accommodate upyto 31) momentary switches 
with locations for possible additional swi/ches represented by 
dotted outlines 295. 

Ltches are mounted 
2ll known switches 


In a preferred embod/L 
in apertures in the panel board 

may also be used. As des,cribe/d ^1r^hp-^s elector switches, the 
momentary switches 73^ are impleme^fed by gn 


contacts 293 and connecting 


Jt.\ 1 


a pull-down resistor 394 to a positi 


L 


le stationary 


As shown in Figs 


id 7Aj 


nding the wiper 
ntacts 292 through 
ltage 296. 
e 31 switch outputs 757 
nal 658 by encoder 738, 


are converted to a 5-bit biliary 

thereby reducing the number of transfer lines to minimize 
interconnections and c\i rcpi/^ry . The five binary signals are 

through §4. with two patrtial signals S^ 1 and S^ 2 being NORed 
together with gate 608 to form the S^ signal. In addition a 
redundant sixth signal p/S performs a verify function by indicating 
depression of either a/ Rapid Stop switch 260 or an Emergency 
Stop switch 258. The /signals Sq through SjiJ. 658 are connected 
through inverting logic gates 618 to logic gates 624. The 
signal VS is connected directly to logic gates 624. The logic 
gates 624 connect gaped signals Sq-S/j, and Vs to latches 620, 
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"but; only when an enable signal 612 is received from a delayed 
one shot 762. 

The latches 620 permit; the dtata processor 112 to 
sample the intermediary binary digital output word represented 
by the latch outputs (SA, SB, SC, SD/ SE, SV) 622 at a 
programmed rate which may be 10-time/s each second. This rate is 
sufficiently high to avoid inconvenience to an operator who should 
not depress a subsequent momentary/ switch until the output from a 
previously depressed momentary switch has been sampled by the data 
processor 112; where sampling bW the da^a^ processor resets latches 
620 with reset signal 606 upon completion of/ the sampling 
operation. 

A system of lockouts /^.nd lockout overrides is used 

interactive 

perations. An 
7*4- and 676 whenever 
'cally ORing the 
'One of the latches 620 
is set by the VS verify /sj/gnal, birj/ does' not contribute to the 
Inhibit signal 673. The inhibit ^signaa.6?3 is connected to a 
NAND gate 678 which projv^des a trigger signal 60^ to the delayed 
one- shot 762 as an output. The gate 678 is also connected to 
binary signals S^-S^ and produces a trigger signal 60** only when 
a signal is produced of. at least one of the binary outputs 
25 S0-S4 subsequent to a /condition in which there is no Inhibit 
signal and no signal/ on any of the binary outputs S -S^. 
In other words, the jbutput of a subsequent momentary switch 
sannot be gated by signal 612 and latched until the latches 620 
have been reset wi-^h reset signal 606 and all previously 
30 depressed momentary switches have been released. 


to minimize errors while stilfl: permit-^in ; 

15 control system 780 to accomplish all 

// 

Inhibit signal 673 is produc/ed by logi 
any of the latches 620 are feet which 
the output signals SA-SE/of latches ,62 
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The. delayed one shot 762 produces a 3><S pulse following 
a 10 ms delay. The 10 ras- delay permits /transient switching 
conditions such as switch bounce, inhe/ent in all momentary 
switches, to subside before the binarfr outputs S -S2f and VS 
5 are gated to the latches 620. Thus/the lockout arrangement 
.not only prevents errors created h£ the depression of more than 
one momentary switch but also prevents errors due to transient 
switching conditions . 

A special signal is provided by NAND gate 679 which 
10 produces a signal on output s#£23 whenever the condition 

S/ f *S 3 *Sj exists. This sj^grial/is related to the jog direction 

from the codes shown in Table IV. 
ision of one of the Jog Direction 
Out. This permits the data 
direction switch is maintained 
th'e jog continuous condition. 

673 is inverted by a NAND gate 68b 
;nal 616. This data hold signal 
display 220 which becomes illuminated 
20. to indicate a (set condition of at least one of the latches 620. 

As long as the xfati Hold lamp display is illuminated, the operator 
knows he should not depress another momentary switch. 

The biAary codes for the momentary switches are 
presented in Table IV. - — - • • - 


15 


switches 2 52 as will be ob\ 
The signal sFJ indicated defcr 
switches 252, Left, /Righ-J 
processor to identify if 
in the depressed /state 


The inhibit 
to provide a data ho 
controls a Data. 


Holdy/lamp 
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Referring now -to Fig. 7A, "the 
from -the three selector switches 2*4-0, 241, 
form a single intermediary "binary digita 


pinary coded outputs 553-555 
, 242 are combined to 
input word IW-0 (Fig. 5B) 


which is shifted into the A-Register 78$ of the data processor 112 

5 through Scanout and I/O Channel-0 562 lender control of an 

input instruction. Similarly, the outputs from the momentary 

switches 734 are used to form an intermediary binary digital 

output word IW-1 (Fig. 6) which is sh/ifted into the A-Register 7S8 

through Scanout and I/O Channel-1 67^ under control of an input 

10 instruction. Computer instructions/are described in detail 

in the parent applications. 

Once an intermediary iniut v(rord is within the A-Register 788, 

it is manipulated and interpretey Wan arithmetic and control 

unit 794 operating under control/ 0/ program, instructions stored 

15 in a memory 130, After an input^'d^s l/een interpreted, the 

data processor 112 generates appropriate System, responses. 

The data processor 1/12 also generates preprocessed 

having selected formats and transfers 


788 /to a numeric display register 798 


intermediary output words 
them from the A-Register . __ _ 

20 and a lamp display register POO through I/O Channel-5 ?02 

and 1/0 Channel-6 70^, reWc timely. These channels provide 
bidirectional communication'of intermediary output words 
with the A-Register, permitting previously output words to 
be returned to the A-Register 788 to check for errors occurring 

25 during transmission. Thef interpretation and processing of 

intermediary words takes/ place within the data processor 112. 

The displays include both lamp displays 2 33 and 

numeric displays 238. As shown in Figs. 2A and 2B, both the lamp 

displays 233 and the numeric displays 238 are mounted on the 

30 display subpanel board/231 which is in turn mounted on the 

panel mother board 23? • ^ The lamp displays 233 may be conventional 

bayonet type lamps arid the display subpanel board 118 contains 

a batch fabricated Mock of lamp sockets which receive the 

lamps. These lamp Sockets provide the multiple functions 
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Spare- O 
Keyboard 
Keyboard 1 
Keyboard 2 
Keyboard 3 
Keyboard 
Keyboard 5 
Keyboard 6 
Keyboard 7 
Keyboard 8 
Keyboard 9 
Keyboard Clear 
Keyboard Enter 
Spare-13 
Spare-1**- 
X 

y 

Spare- 17 

Spare- 18 

Cycle Start 

Cycle Stop 

Rapid Stop 

Emergency Stop 

Spare-23 

In 

Out 

Left 

Right 

Spare-28 

Spare-29 

Spare-30 
\Spare-31 
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of mounting, electrical connection and/ heat sink. Each lamp 
may be selectively connected to grounya either directly or 
through a flasher bus. The lamp displays 233 are enhanced with 
a special filter to suppress glare And provide an easy to read, 
aesthetically pleasing presentation* . Displays and legends that 
are not illuminated are obscured behind the filter, simplifying 
rapid appraisal of system condityons and eliminating the need 
to mentally separate illuminated/ displays from non-illuminated 
but visible displays. 

The numeric display eflements 238 are conventional 
9 segment displays capable of displaying all numerical 
characters and some alphabetic* characters. The eight numeric 
display elements 238 of this /embodiment are mounted horizontally 
on the display subpanel boarjcl 231..-' 

Coupled to the lamfp ydfisplayjs 233 are lamp drivers 710 


which are coupled to the lamp ditF£ 


register 700. With 


the exception of a few lam^ drivers; 710 which are hardwired 

a.s Over Temperature, P/ 
ita/Hold; each ^/kmp driver 710 responds 


to respond to special func/tions su'c_h__as Over Temperature, p/s 
Dats 


Error, Power On . and 


/. 


to a selected bit ofyah ifntermedi'ary binary digital output 
word stored in the lamp ydis play/register 700. 

As shown in greater detail in Fig. 7B, the implementation 
of the 8 numeric diLpla^/- elements 238 is considerably more 
complex than that used/ f or/4he lamp displays 233. Because each 
numeric display element Sf^O requires multi-bit control signals, 
a cyclic technique . is/used to drive all eight numeric display 
elements from a single numeric display register 798, thereby 
greatly reducing the/ amount of circuitry required. To accomplish 
this, the eight numeric display elements are sequentially excited 
at a flicker-free 3P cps rate. In order to excite each numeric 
display element 7W at a rate of 30 cps the contents of the 
numeric display register must change, at a cyclic rate of 2*4-0 cps. 
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The numeric display operations, are performed in -the 
data processor 112 under program controp. jand may utilize "the 
numeric display counter 718, the update control, the refresh 
control, and the data registers. Thes/e operations need not be 
physically identifiable, but may be implemented under program control 
of the data processor. The display parameter is converted from 
a binary to a BCD code, then modified for the special segment 
code requirements of the numeric display tube. The tube 
identification code is packed or assembled into the word, which 
is output to the numeric display register 798 in the interactive 
control system 780. 

In order to excite one / o f the *{umeric display 
elements 7*4-0 the data processor #12 utilizes the count of the 
numeric display counter 718 in^QJemen^ed^-tlfTdeY urogram control. For 
example, a binary count of three/ would] indicate that the fourth 
numeric display element 7^ 


30 


vy is 


accesses a location in the memo 
to excite the fourth numeric d 



The data processor 
display information 
proper character. 

It should be noted that fthe binary /numbers of through 7 represent 
the first through the ei'ghth numeric display elements, with binary 
number three representing the /fourth numeric display element. 
This information is transferred from the memory 130 to a least 
significant portion of the A-feegister 788 where it is joined 
by the binary count (three) from the numeric display counter 
parameter which is packed in/ the most significant portion of the 
word to form a packed interriiediaty digital output word. This 
output word is transferred fcrom the A-Register 788 through I/O 
Channel-5 702 to the numeric display register 798 with a data 
processor output instruction. After the word is output, the 
numeric display counter il incremented by the data processor 
under program control so /that the fifth numeric display 
element will be excited /next. In addition to providing intermediary 
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15 


outmt words to t,e numeric display register at a rate of 2*0 ops. 
the data processor also updates the locations in the memory 130 
which store the information determining ythe numeric character to 
be displayed. This updating may occur Lx a cyclic rate of 16 cps. 
This is about as fast as the operator /an follow changes in the 
characters displayed by the numeric display elements 7*0. 

The contents of the three /numeric display select tat. 
in the most significant portion of /he numeric display register 798 
a re communicated by three pairs of /lines 715. each pair of lines 
representing the Q and Q outputs L» a register flip-flop to 
decoder 7 l6. Decoder 716 actios one of eight select drivers 719. 

fourth select driver being aoftiva^ iJ this example. 
Simultaneously, nine segment driL^l/- selectively excited 
with signals 720 according totf<^ *^>TTT. \ 
information stored in the leai 


in the numeric display regi^ste'r 798. 


ant portion of the word 
6Yl driver being responsive 


-to a different register byt s/ignal. 

The segment dfe/s 72/present drive signals forming 
the sto re d character to Le/^p44riate segments of all eight 

^ however, only the fourth numeric 

20 numeric display elements, Tifc - /However . o y 

display element 7*1. whic^eives a select signal from 
selec t drivers 719. dispf ys the selected character in response 

to the select signal. 

The elementa/ nature of system subsystems and the 
related data processor /coaction under program control may be 
u tili,ed to simplify f~ — P— res. thereby minimising 
setup time as well as/errors. F or this purpose, an »P««*~ " 
manual may be used i/ conjunction with the — ^ _ 

on the control pane/ and a special program in the data processor 
The operator-* manil is aivided into several sections, each 
pertaining to a pa/ticular mode of machine operation. 


25 


30 
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Parameter swi-tch 2*1-2 would 
defining an interactive 
condition would cause th 
conditions and res pond u: 
causing the numeric disp 
a section in the operato; 
up the number in the operator 
condition or status and th 
the system into its desire 
taken, a new code number a 
was properly performed unt 
permits a totally inexperi 
the entire system set up 




fied position 
ation. condition. This, 
sense system 
program control by 

de number identifying 
rat or* would look 
entify the machine 
procedure to place 
procedural step is 
howing v/hether the last step 
be started. This 
sequentially perform 
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The operation of _ the CNC system will now be described. 
Operation is determined by_ modes, conditions, and commands such as 
defined by the control panel 114, disuiay/ oanel 118, source of parts 
programs such as the tape reader ll6 t an$ other devices. 

Preparatory (g) and miscellaneous (m) commands are parts 
program auxiliary commands used to sey internal control conditions 
and external machine conditions, respectively. The g and m 
commands are defined in Table V and/described hereafter. The 
data processor 112 receives these auxiliary commands from a source 


of parts program commands such as 
program memory 130, control panel 
or other sources. The data proc 
such as packing discrete bits in 
well known techniques to set the 
available system condition info 
when required. Nomenclature us 
The ."COMMAND" j column, defines 
column defines the relation b 
whether they are mutually-exc 


e tape reader llo, parts 
[l^, auxiliary I/O channels 128, 
ets operating conditions 
1 word or other 
tions , providing 
ation for /executing these commands 
is defined, hereafter, 
symbol. The "RELATED" 
es^e commands and implies 
ve , ^resulting in the reset of 

defines whether this particular 
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the command. The "EXECUTE 

command is execuxea immediayely or at xhe end of a block, 
executed immediately the mo/tion commands in that block will be 
executed in conjunction wirch this new auxiliary command. If 
executed at the end of th&t block, the motion commands in the 
i block will be executed as if this new auxiliary command had not 
j been programmed • This /new command v/ill then be executed at 
J the completion of the c&ther commands in that block. The "MODAL," 
column defines whethey the command is modal or not modal. If 
the command is only ufsed in that block, it is automatically reset 


7y> 

- l.Oo - 


10 


after -the execution of the block and /must be reprogrammed in 
subsequent blocks when required. Iff the command is modal, it 
is stored until changed; where it will operate on every subsequent 
block of commands until it is changed. The "INITIALIZE" column 
identifies the condition of this command when the system is 
turned-on, identified with the INITIALIZE light. The "NOTES" 
column briefly describes the operations of these commands. The 
commands defined in Table V are /describee, in xhe referenced EiA 
Standards. Many of these commands are defined in greater detail 
hereafter to illustrate the operation of this CNC system. 


L01 , 


The machine home posit 
on the machine that rr.ny be 
The ability of the data prefers 
position of the machine afxe 
referenced applications/ 3/r/ l 
permits the data processor fi.12 
precise positions of /the m£chi 

from 

signals 123 or directly with s 
machine 12*4- to perform thfe 


112 toy 


'and 


the machine axes conditi 
lire 


the machine home positi 
general location of the /horn; 
each axis and the 
pi ckoff null . The \ 
with co^m^nd si pti?.1s 
with signals 123 or 
selected axes into 


d absolute position 

ense the absolute 
uch \as described in the previously 
5/N 134,953 
ack of the 

e data processor senses 
20, 121. and 122 with 
then controls the 
'and^a operations. In one embodiment, 
absolute position point, the 
position is defined by a switch on 
ocation of which is defined by the 
rocessor will drive the selected axes 
'23 until the switch closure is detected 
6, then the data processor will creep the 
e pickoff null positions. The machine 



home position is commanded with m codes. Various parameters 
are selectable with/ the data processor stored program, such as 
30 axes (with associa/ted m codes), direction of slew for each axis,. 

slew velocity, anp home position coordinates. The data processor 112 
executes the slew routine to drive the selected axes with signals 
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COMMAND RELATED 


EXECUTE 

AT END 
IKMED.. OF BLOCK 






A 

Yes 

P.OJ 

A 

Yes 

g04 

- 

Yes 

gO? 


Yes 

g08 

B 

Yes 

g09 

B 


g!2 


Yes 

gl7 

D 

Yes 

gl8 

D 

Yes 

gI9 


Yes 

g27 

_ 

Yes 

g28 

R 

Yes 

g29 

R 

Yes 

g33 

J 

Yes 

g^O 





Yes 

g^2 


Yes 

g50 

V 

Yes 

g5l 

V 

Yes 

g52 

V 

Yes 

g53 

V 

Yes 

g5^ 

V 

Yes 

g55 

V 

Yes 

g80 

w 

Yes 

ggl- 



89 

w 

Yes' 

g90 

H, 

Yes 

g91 

H.J 

Y,es 

g92 

H, J 

Yes 


mOO 
mOl 
m02 
m03 
taOh 
m05 
m07 
m08 
m09 
m21 
m22 
m23 
m2& 
m25 
EP.30 


f 

FRO 



Linear Interpolation 
Circtilnr Ir.t<? rpo l-» t ion CW 
Cfrci'.ior Tnterpol.ati.cin CCW 

Dwell From Tape 
Rapid Traverse 
Acceleration 
Deceleration 

Full Circle In One Block 
Circular Interpolation, xy Plane 
Circular Interpolation, zx Plane 
Circular Inxei'poiai;io/i , ya .-lane 

ero Definition 

Axis Rotation On 
Axis Rotation Off 


Cutter (Sompensation Cancel 
Cutter/Compensation Left 
Cutter Compensation night 

Abs6lute-All axes 

fcremental-All Axes 
r ricremental-x axis 
'incremer.tal-y axis 
Incretnental-z axis 
Incrementalib axis 


.nned Cycle Cancel 

anned Cycle Ssflect 

[PNt Feedrate/ 
PR Feedrate 
PI Feedrate 


Program Stop 
Optional Stop 
End of Program 
Spindle CW 
Spindle CCW 
Spindle Off 
Coolant 2 On 
Coolant 1 On 
Coolant Off 
x Axis Home Position 
y Axis Home Position 
z Axis Home Position 
Uth Axis Home Position 
5th Axis Home Position 
End ox Tape 


x Absolute Position 
y Absolute Position 
2 Absolute Position 
b Absolute Position 
Tool Change 
Spindle Speed 
Feedrate 

Feedrate Override 
Acceleration Ramp 
Deceleration Rano 
Cycle Off 
ted Cycle On 

Initialise 
ted Mirror Image ~ 
ted DNC 

ted Block Delete 
ted Optional Stop 

Spindle Interlock 
Drive Interlock 
Tape Code 
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123 in the specified direction at the 1 specified velocity, with 
continued testing of the home position switch signals 126 to 
define the stopping point. A drive /resolution of 0,004 inches 
or "better is required to insure recfeatable detection of the home 
position switch closure condition./ Acceleration and deceleration 
are often not required, where the /specif ied velocity is usually 
low enough to permit velocity step functions without loss of 
synchronization. The slew feedmte is conveniently modifiable 
under stored program control to/ accomodate different machine 
characteristics. When the hom«! position switch is detected, 
zerd synchronization is initiated to position fhe axis to the 
precise resolver null. Because the-^applic ability of this feature 
is a function of the type of /machine, it is 7 programmed as a 
subroutine for ease of incorporation or/aeletion. Program 
execution speed is of littl^ consequence so memory utilization is 
a primary consideration./ Afri autom^tij^^i-x^3~~c~ye > le is provided 
to selectively return e'ach / machine axis to the hojne position. 
The home position fixed cy/cle is initiated with /h commands m21 
through m25 (defined/ in Tible V ), whfere each m/ command will 
cause the associated axis/ to translate to ^Ke home position 


30 


for that axis. Caution should be/exercised by an operator to 
prevent interference be ween the/ too]/; workoiece, and machine 
during this posi tioning/operation / 

Zero synchroXjiza/tion/is ,iised to automatically drive the 
selected axis to a commanded position of the pickoff . This may 
be a fixed position as/ with the home position or may be a position 
defined by the operator. Feedback from the axes servos 120, 121, 
and 122 is provided -tihru signals 123 and 126. Because of the 
multiple uses for this zero synchronization routine, it is 
programmed as a subroutine that accepts a modifiable predefined 
position. Program execution speed is of little consequence so 
memory utilization /is a primary consideration. 
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Continuous parts program execution can be discontinued 
with programmed stop ( m£/0 ) , optional s^top (mOl) , end of program 
(m02) , and end of tape (m30) commands/. A programmed stop 
command (mOO) will cause the data processor to enter a programmed 
stop condition. «.n optional stop co/mmana ^mul ) will cause 
the data processor to conditionally/ enter a programmed stop 
condition. The conditional aspect /is based on whether the operator 
has selected the optional stop condition cn the control panel 11^-* 
If this condition is met and after the completion of all commands 
in th-at block, the spindle and coolant will_J^e turned off and 
the system will enter the cycle jstop^eondi tion| The optional 
stop switch 283 is used to command the ^data processor 112 to 
alternately enable and disable the optional/stop command (mOl ) 
in a parts program. Alternate /depressions of the optional stop 

S>r 112 to alternately 

When the optional 


switch 283 will command' the da-pa proc^ 
toggle the optional stop lamp 


200 


stop lamp 200 is il'luminated , /the opti/onal stoi 


command (mOl) will^be executejQ as 
V.'hen the optional stop lamp 
20 stop parts program command (^01 
program command (m02 ) will 


ondi 1 


parts program 
programmed stop command. 

shed, the optional 
ignored. An end of 
"e data processor 112 to enter 
end of tape command (m30) will 
to enter a programmed stop condition, 
typical of various motion commands, 
spindle speed, spindle direction, 
These commands are modal, where they 
need not be reprogrammed /until a new condition is required. 
Spindle speed is programmed directly in rpm (Table V). All 
spindle speeds are accerfted by the data processor regardless 
of the value. When a siindle speed can't be achieved due to 
speed range or discrete/ speed steps of the spindle control, 
the programmed speed is rounded-off by the data processor 112 
to the speed that can be achieved immediately below the 
programmed speed. SpiJndle clockwise (GW) and counterclockwise (CCW) 


a programmed sto 
cause the dat 

Spindle\c^ 
Spindle commands consi, 
and spindle off coi 
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directions are commanded wi-th an m0 3 /and an rn04, respectively, 
to start the spindle rotating in the/ commanded direction at the 
beginning: of the block to which the^/ are programmed, therefore 
permitting the spindle direction chJknge to be programmed in 

-f-.V»/a <5 pr^o VO /y «■» Xr uri -+- \n> -fiho rn r> +" S An n^mipanil!! T'o "h y*<a -r>-\ i c? ri our 

spindle direction. Spindle off is/ commanded with an m05 to stop 
the spindle from rotating at the completion of the block in 
which it is programmed so this spindle off command can be programmed 
in a block containing the ias'C n/ccion commcs.nd;s tnat require 
10 spindle motion. 

Rapid traverse is the miximum normal velocity that the 
d?.t?. vrocopsor 1.3.2 will command : This vsloci.tv i s a T^roPTPfnn 1 .?^] ? 
parameter that is optimized fyor the^-nra^chine characteristics, 
which is 200 IPM for typical/ machines./ All machine motions 
can be commanded at rapid traverse ve/locity, including complex 
contours . Rapid traverse/ 
applies only to the block 


commar|ded with a g07 command, which 
In whic 


/ ' 


/it is programmed. Because 


rapid traverse can be ^/a pc/terati^3J^-^a^.ge^ous condition if 
inadvertently commanded by a tape /reader/error or other such 
20 condition, the g07 commaj/d provides a/unique, unambigious rapid 


J 


traverse command that isf interlpckjsd to insure safe operation. 
- 1 ^ ~ ~ — parameter 
and /automatically reused after the rapid traverse 


will be preserved by the 


The last programme 
data processor 112 

command has been execu/ted^ If that last feedrate command had 
been IPR (g9l) or RPI/(g92) t the rapid traverse command will 
automatically set the/ ZFl" condition for sxacution of that set 
of commands, then resume IPR or RPI operation after the rapid 
traverse command had* been executed. If a g07 command and an f 
command are programmed in the same block, the rapid travers 
30 velocity would apply to that block while the f command would be 
preserved for subsfequent blocks. The data processor 112 insures 
that full synchronization will be preserved, independent of the 
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velocities programmed and axis servo characteristics . Acceleration 
and deceleration are automatically performed by the data processor 
112 for rapid traverse conditions %<L achieve maximum velocities 
without loss of synchronization- Because of the requirements 
for acceleration and deceleration/ rapid traverse (g07) will 
not be commanded for distances lfiss than one inch. 

A program dwell can be commanded with a g04 command, which 
applies only to the block in which it is commanded and must 
be repeated in every block that requires a dwell. A dwell 
10 command must not be programmed in a blp.cJc^that contains motion 

commands, although that bloc/k caiycbntain /all commands but motion 
commands. Dwell is programmed/ lirec1>ij.y X n seconds and decimal 
parts of a second. The dwe^L'l magnitud]^ has a range of 00.001 


seconds thru 99*999 secorn 


/ 


an X address , where X+05 


z 


L00C 


and X+0 0.001 g04 command: 
processor 112 will acce 
it is a legitimate /comm; 

CNC operations njfay us 


as the selector s 


panel 11^ permits 
The lamp and nume 
conditions. Posit^io 


3fgriitude is programmed with 
co/nmarids— 5»01 second dwell 
ell. The data 
iand, verify that 
the required time delay, 
el controls such 
s. The control 
convenient ^adddtion of switches. 

pi splays/inform the operator of the system 
f >tfhe mode selector switch 2*K) ir 


Itches and 


conjunction with ther€m; condition lamp displays 218 define the 
response of the data processor 112 to operator commands. Panel 
operations will now/ be described. 

Many switches on the panel 11*4- are interlocked to protect 
the system from erroneous or inadvertent operator commands, 
where the data processor 112 will obey those switch commands only 
30 when the cycle off lamp 271 is illuminated and the mode selector 
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switch 240 is in -the keyboard position 284. The jog switches 
252 are interlocked, where the data processor 112 will obey those 
commands only when the cycle off lam/p 271 is illuminated and 
the mode selector switch 240 is in -jfche jog position. The cycle 
start switch 2*4-6 is interlocked, wh/ere the data processor 112 
will obey that command only when the cycle off lamp 271 is 
illuminated. Several switches are not interlocked, where the 
system will obey those commands ufader all conditions of operation. 

When the cycle start switch 246 is depressed, the following 
operations are performed by the//data processor 112 t the cycle off 
lamp 271 is tested as an interlock; the cycle off lamp 271 is 
extinguished; the cycle on lam/p 213 is illuminated); the acceleration 
condition is set; the deceleration condition is s-et if not in 
the continuous mode; the initialize / larap 215 extinguished, and 

the slide hold lamp 212 is ex/ting'u^s'iie^ if j/the continuous 
or block modes • 

When the cycle stop /Switch 256 


the following 
X?Z t the cycle 

on lamp 213 i s tested .as' an/ interlock ;/ the deceleration condition 


7 , 

operations are performed ,by Jthe data processor 


J- 


is set; the cycle stop' lamd is illumj; 
is extinguished and the sli/de hold 


ted ; the slide hold lamp 212 
itorage is cleared if in 

the continuous or block modies,/ 

Mirror image switchfes 26-2 and 263 permit the, operator 
to command the data Iproces 30/ 112 to selectively reverse the 
direction of all axes^comm ands in the parts program. Jog commands 
are not reversed by the mirror image switches. The position 
readout displays reversed /positions. In the index mode, the 
machine motion will be su&h as to drive to the actual floating 
zero point. In systems wKere offsets are provided, the 
offset directions will nqt be reversed. The mirror image switches 
262 and 263 are interlocked, where the mirror image condition 
can only be changed with the mode selector switch 240 in the 
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keyboard posi-tion 28^, v/ith the parameter selector switch 242 
in an axis position 224, 225 t 226 op 22? and with the cycle 
off lamp 271 illuminated. Under th/ese conditions, the mirror 
image (axis reversal) condition ca£ be changed by selecting the 
appropriate axis with the paramete/r selector switch 242, then 
toggling the axis reversal lamps ^04, 205, 206, and 207 on or 
off with the mirror image switched 262 and 263. The mirror 
images switches 262, 263 alternately enable and disable the mirror 
image operation for each axis, selectively. Alternate degressions 
of the mirror image switch will /alternately toggle the reversal 
lamp 204, 205, 206, or 207 corresponding to the selected axis 
on and off. When the reversal / lamp 204, 205, 206, or 207 for 
an axis is extinguished, the pkrts program^de^arture commands 
for that axis will be executed; in the^/prograraffned direction. 
When the reversal lamp 204, 2^5, 2,06, or 2^7 for an axis is 

d« par tu / r^ 7 $5pflim^j^ts\f or that axis 
a direction. 

switch 287 t s HS'ed to command the 
select the format codes used for 
iternate depressions of the EIA/ASCII 


illuminated, the parts progra 
will be executed in the reve^ 

The EIA/ASCII tape cc 
data processor to alternate! 

1. Al 


the input parts program. 

switch 287 will alternately/ select the^/EIA lamp 208 and the 
ASCII lamp 209- When the 


31 A 


lamp 20o is illuminated, an EIA 
parts program code can be \^ised. When the ASCII lamp 209 is 
illuminated, an ASCII par tfe^-pr og r am code can be used. 

The emergency stop /switch 258 is used to discontinue system 
operation under emergency/ conditions , overriding the data processor 
112 and resetting the complete system to circumvent a system 
malfunction that might disable the normal system override controls. 
Following an emergency ^top condition, the interrupted operation 
cannot be resumed. The/ initialize light 215 will be illuminated, 
identifying that the system must be initialized and operating 
conditions must be reestablished by the operator. 
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The initialize lamp 215 is u$^d to alert the operator 
to the requirement to initialize thfe system. The initialize 
lamp 215 will be illuminated by the/ data processor 112 when 
any of several conditions occur, wftich include: power turn-on, 
line power drop-out, or emergency /stop switch actuation. When 
the initialize lamp 215 is first illuminated, the system conditions 
are reset to the initial conditions by the data processor 112. 
The operator must extinguish the/ initialize lamp 215 prior to 
entering system commands so thaft he may be alerted if the commands 
are reset to the initial conditions by another initialize 
condition. The initialize lamp can be extinguished by placing 
the parameter selector switch/ 2^2 in any of the axis positions 
22^, 225. 226, or 227 with t^(e mode^seleg/tor switch 2^0 in the 
index position, then depresafingAh^ cyc^Le start switch 2^6. 
If a line power drop-out or/ an emeri/ncy stop had caused the 
initialize lamp 215 "to be ^illuminated ,-fciie^ interrupted operation 
cannot be resumed because /the o^rating conditions are replaced 
with initial conditions, / Theref Cyre , it/is necessary to 
re-initialize and aga/n s4t-up for svstem operation. 

The initial oc-ndi/ions ydi.scus'sed for system initialization 
are programmable parameters defined by the data processor. Many 
of these initial conditions are constants or fixed parameters 
as illustrated in Tkbj-eKV. In some cases, these initial conditions 
may be set to the last/ condition commanded during operation; 
stored by the data processor 112 to define the new value of this 
initial condition. Various fixed constants can be changed in 
the stored program whfen programming the data processor to 
customize the initial conditions for an application. 

Block delete /provides for the conditional deletion of a 
group of characters/ in a parts program. A block delete character 
(/) in con junction/ with an operator selected block delete condition 
will cause the data processor 112 to disregard all of the characters 
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inbetween the block delete character and end-of-block character. 
If the operator does not select l/he block delete condition, 
the data processor 112 will ignore the block delete character. 
Tape validity checks, including /the parity check, are disabled 
for the deleted characters. B16ck delete codes can be provided 
at the beginning of a block of /commands to delete all commands 
in that block or within a block of commands to selectively delete 
only those commands or portions of commands following the block 
delete character. When illegal characters are punched on a 
tape leader, the affects of t'Aese characters can be disabled by 
providing a block delete code/ at the^be^g^bnning of the tape and 
selecting the block delete cdndi-lfion thru/ the control panel 11^ 
before initiating automatic 

The block delete sy^itfch 285 i^jused to command the data 
processor 112 to alternately enable ahd disabjLe the block delete 

s'ssions of the block 

delete switch 285 wj/ll alternately ^pggle the block delete lamp 

»te lamp 201 is illuminated, 
Smmand will be executed. When 
tinguished, the block delete parts 


command in a parts program. 

wi/ll 

201 on and off. When the 
the block delete p^arts program 


the block delete lamp 201 
program command wi\l be i^jar6red. 

The slide hold (rat>id stop) switch 260 permits the operator 
to command the data processor 112 to bring the machine axes to 
a rapid but controlled stop during a contour. The slide hold 
lamp 212 is illuminated /to define this slide hold condition. 
Slide hold is disabled |or threading contours because of the 
danger of tool breakage/. The interrupted contour can be resumed 
by depressing the cycle start switch 246. The contour will 
continue and the slide/ hold lamp 212 will be extinguished. The 
30 slide hold condition ian be exited by depressing the cycle stop 
switch 256, which will/l cause the slide hold lamp 212 to be 
extinguished. This ^will permit operation to be resumed, but 
the interrupted contour will not be completed. 
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When "the slide hold switch 26® is depressed, the data 
processor 112 will illuminate the slitde hold lamp 212, decelerate 
the machine to a stop, calculate the distance-to-go ( DTG ) 
parameters for all axes and for a circle, calculate the arc center 
parameters, then store the above mentioned parameters in the 
slide hold buffer storage. This seque 
the data processor 112 so it can be corr 
proper conditions. Also, the slide He 


to prevent slide hold operations when threading, as defined by 


10 the g33 command. If the contour is 


nee is interlocked with 
mmanded only under 
old condition is interlocked 


near comoletion and deceleration 


is in process when the slide hold sw.tch 260 is depressed, the 


t op^5.ond'i"ti oVi , where the 
r^ed iLn favor c/f the cycle 


data processor 112 will set the cycl = 
slide hold condition will not be ent = 

stop condition. When in the continuous mode\ and/the contour 
is near completion but past the^ poirjt at whi^fi deceleration can 
be commanded, the slide hold/condition is^temlporarily disregarded 
but preserved until the next contour is star-tteaXat which time 


the slide hold command ^an be execu : 
The slide hold buffer storage contal 


ed to cause yproper deceleration, 
ns incremental (DTG) commands 


20 to permit restart from wherever the operator repositioned the 
machine when in the slide hold condji^lon. Auxiliary commands 
such as f, s, t, g, and m are preserved in active memory to 
permit these parametjers to be changed by the operator thru the 
keyboard. The keyboard, jog, ipdepc, and search modes will operate 
independent of whether\^he__j2ide Infold lamp 212 is illuminated. 
The slide hold lamp 212 can't be Extinguished and the slide hold 
buffer memory can't be modified ijh these modes. All command 
parameters can be modified in these modes including absolute 
position, with the exception of /the commands in the slide hold 
30 buffer storage. When the slide/hold lamp 212 is illuminated, 

the operator can exit the slidef hold condition by depressing the 
cycle stop switch 256. This will extinguish the slide hold lamp 
212, clear the slide hold buffer storage, and remain in the 
cycle stop condition. Contini ation of the interrupted contour 
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with a slide hold 


start routine is initiatelWri th the following 


10 


20 


30 


conditions: the slide hold lamp 
selector switch 240 is in the bli 
position 288, and the cycle star 
operator. The data processor 11 
DTG parameters (and, for a circl 


£12 is il 
fck positi 


lluminated, the mode 
position 286 or continuous 
; switch 2^-6 is depressed by the 

will fetch the incremental 
a, the arc center parameters) 


from the slide hold "buffer stordge, clear the slide hold buffer 
storage, then post process thesef incremental parameters as if 
they were a new block of parts program commands. This insures 
that any keyboard changes such pLS feedrate will be executed for 
the continued contour. Depression of the^cycTr^bart switch 2^6 
will command the data processoi| 112/tb extinguish/ the slide hold 
lamp 212 and cycle off lamp 271/when in^ the continuous or block 
modes, illuminate the cycle , on j lamp 213,\aj*d set the acceleration 
command condition. Also^/the fcycle s£erp jand deceleration conditions 
are set so the data processor 


Feedrate override permil 


processor 112 to modify the pi 
feedrate parameters in a parts 
machine velocity for jog, rap] 
RPI feedrate programming, 
directly in percent\pf proj 


9ra>te to a stop. 

to command the data 
(ogrammed/ incja<per-minute (IPM) 
It does not affect 
raverse, IPR feedrate, and 
rate override is programmed 
ned feedrate and will range from 


as low as 1% thru 150% or moire, depending on the value selected 
for the particular machine, in 1% resolution steps. A feedrate 
override of 027 represents 2y% of the programmed feedrate and 
112 represents 112% of the programmed feedrate. The feedrate 
override parameter can never be greater than the maximum value 
for the particular machine /(typically 150%). Feedrate override 
commands entered outside of this range will automatically be 
rounded off by the data processor 112 to the closest command 
within this range. The feedrate override is entered by the operator 
with the keyboard 24*4- thr/ough the panel ll*f using the parameter 
switch 2^2 in the feedrate override position 239. 
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Feedrate programming will now Toe discussed, where 
direct feedrate programming provides/ significant advantages 
including simplified parts programming, simplified program checkout, 
and reduced tape length. Direct inch-per-minute (IPM) feedrate 
programming, inch-per-revolution (IFR)j and pitch or direct 
revolutions-per-inch (RPI) programming are provided for turning 
equipment, with switchable IPM, IfR and RPI programming for 
applications such as machining centers. Qi-i?ect feedrate programming 
provides precise control of machine/wllocity without tedious 
10 programmer calculations. It simroli files ^arts programming, provides 
better machine performance, and/ redu<T^s parts program length. 

~ fefe'drate command applies 
and /to all subsequent blocks 
,ded. Therefore, a feedrate 
efore the first block that 
need not be programmed again 


Feedrate commands are modal, whfe 
to the block in which it^s pro 
until a new feedrate parametei/ i 
command should be programmed J.n 
contains a contour command, 

until a different f eedrate ^mmand is required. This results in 
and 


elimination of reduhdeny calpulations and a significant reduction 
in tape length. 

Prior art non-computferized systems provide feedrate number 
(FRN) or V/D feedrate programming. This method requires that 
feedrate be modified from Jthe machine-oriented IPM units to the 
hard-wired control orientefd l/seconds set of units. This 
conversion involves a conrplex computation to compensate for the 
difficulty that prior aryt non-computerized systems have in computing 
velocities. The computation requires division of the direct 
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20 


feedrate parameter by a vector distande, which is defined by: 

f2 + +....). In systems that use the feedrate number 


V 


<x2 


method, the direct feedrate parameter (must be modified by the 
contour dimensions, where the resultant FRN parameter is different 
for each block of parts program commafnds even though the velocity 
remains constant. Therefore, parts Programmers must perform the 
calculation for each block of commanjtis . Parts program length 
is significantly increased by the redundant f commands in each 
block • 

Computational capability of /the CNC system of this invention 
provides relief for parts programmers by eliminating tedious 
operations, while enhancing overall ^s^s tern operation. Feedrate 
parameters are commanded directly'/ in IPl\, jrP.l, or IPR; which are 
units directly associated with / cul;ting/6'4erations . These units 
are modal and independent of the /contour /dlunferisions , permitting 
the required velocity to/be programmed cfnee, whj&re it need never 
be reprogrammed until a change ifn. vel^ity^irs^ required . In addition, 

— t *4 — ^ ~~ -^ration preserves the programmed 

Redundant programming. Simplification 
in parts programming \is enhancejd by the simplification in program 
checkout. Repeated FRN^parame-f ers that are always changing are 
a common source of program problems . Elimination of these problems 
results in rapid and economical]- changeover for new production runs 
with new parts programs, Alscj, reduction in program size results 
in a proportional decrease in /punched tape length. This simplifies 
tape handling considerations ,/ reduces tape reader maintenance, and 
decreases the possibility of /a tape reader error. Short blocks 
of tape commands also reduce /the requirements for buffer memory 
and enhance the internal par|ts program storage CNC feature. 


rapid traverse and acceleration, 
velocity parameters to minimi^ 
\is enhance 


30 
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Coordinate resolution will 


w be discussed. 


resolution of parts program commands is performed to adjust 

including scaling, axis 


contour commands for special purpos 
alignment, inch/metric conversion ard others. 


the accumulation of errors such as due to digital computation 


roundoff errors 


a special resolutio 


algorithm resolves absolute position parameters and stores both 


lute position parameters for 

processor 112 loads parts 
pe reader ll6 or other sources 
ined by the mode of operation 


the unresolved and the resolved absol 
the required computations. The data 
program contour commands from the ta^ 
and processes these commands, as def i 

commanded. The data processor ccmverts incremental commands to 
absolute commands by adding the intj'emental parameter to the 
appropriate prior absolute posi tionV pa-raraeterj, then processes these 
absolute coordinate commands as^r-eqj. 


In order to preclude 


n algorithm is used. This 


may be resolved such as for axis alj 
such as for English or metrites unit 
After resolving parameters/ in abso 
incremental coordinates may be obt; 


ired. These absolute commands 
gnment and scaling, converted 


snversion, or otherwise processed, 
i^e coordinates, the resolved 

the contour computations 
by subtracting the new resolved abfeolute coordinates from the 
corresponding old resolved absoluyje coordinate's. 

A program flow diagram for/ /the resolution algorithm is 


illustrated in Fig. 3F 


, wh 


1 


ere th/S 


processor enters the 
subroutine from the executive r6uJfeine 311 and checks the dimensional 
commands in operation 313.\If/arJ incremental parameter is 
detected, the data processor/ branches along path 315 "to operation 
317, where the equivalent absolurte position parameter is derived. 
If an absolute parameter is detected, the data processor branches 
along path 319 bypassing operation 317. The data processor 
30 next performs the resolution ca/lculations in operation 321 

to obtain the resolved absolute parameters and, if required, 
calculates the resolved incremental parameters in operation 323- 
The data processor performs thb required contour operations 
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\ 

in operation 325 t "then exits to the executive routine in operation 327. 

The resolution operation is implemented by multiplying all 
translational departure and feedrate c : 
resolution parameters. The resolution 


)mmands "by the various 
or absolute coordinate 


transform calculation is used for translational departure commands 
but not necessarily for IPM feedrate commands which do not 
contribute to error accumulation. Othfer dimensional conversions 
such as axis alignment and cutter compensation are included in a 
composite absolute coordinate transform. The various resolution 
10 parameters are multiplied together to j form a composite scale 

factor, which need not be recalculated, until one of those resolution 
parameters are changed. The numeric 
display purposes. Only translational 


ated until or 

4 ~ iae-ter is preserved for 

parture commands and feedrate 


commands are resolved. Rotary departure \commands (potary axes) are 


RPI programming provides pi/tch units commensurate with the departure 


sd fa 


ts 



simplified 


units. The IPM programming is resold 
Conversion between English un: 
with the metric unit conversion feature, ywhere inputs and outputs 

can be in either unit system or a mixture o.f-'both unit systems. 

I - 
Parts programs are accepted in either system of units, thereby 

permitting the programmer to code dire-c^tly from a blueprint, 

independent of the dimension units. J/English or metric units 

are defined with the g25 or g26 commknds to permit programming 

flexibility. In addition, the-c6nti*ol panel English/metric switch 289 

and the English units and metric units lamps 210 and 211 permit 

manual control of units. This capability simplifies parts programming 

by eliminating the need to redimens/ion drawings for different 

unit systems. Numeric readouts an4 manual data inputs are provided 

in either set of units by switch selection, independent of the 

units used by the parts programmer/. This capability simplifies 

system operation, where the operaiaor can work in units convenient 
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for the particular job. 


Machine conversion fo 


not necessary, where the lead screw pj 
English units without restricting the 


Scaling can be used to proportionately increase or decrease 


the dimensions of contours such as to 


Btric units is 


tch can be in metric or 
parts programmer or operator. 


change the size of parts,' 


adaptively adjust for thermal dimensic nal variations, provide mating 
oversized and undersized parts, rough:. ng a part with a finish cut 
parts program, model scaling such as |rith digitizing or tracing 
an oversized model, and other such applications. Scale factors 
can be obtained v/ith operator inputs (through the panel keyboard 24*4-, 
as generally described in the referenced application 
S/N 101,881; from external inputs si|ch^as/t"e":p^- rature sensors; 
from parts program commands; and fromVther s/urces that will become 
obvious to those knowledgeable in^thfe a\ty In one embodiment, 
the scale factors apply to all trans lai{i^nal dep artures and all 


feedrate commands. Rotary displacements b.re not 
factors. Verification of the numerical spale fac 
accomplished by positioning the parameter sel 


Fleeted by scale 
can be 
tfr switch 2*4-2 to 

the scale factor position ^/221 and c|bserv^.ng^the numeric displays. 
Modification of the numerical scale ^amor is accomplished by 
positioning the mode selector switch 2^0 to the keyboard position 28*4- 


br switch 2*4-2 to the scale 
c against inadvertent modification, 
e factor is accomplished thru 


and positioning the parameter sele 
factor position 221 as an irtte-rl-o-c 
Modification of the numerical seal 

the keyboard 2*4-*f as described for (other keyboard entry parameters. 
Selection of the metric/English slale factor is accomplished by 
depressing the metric/English swijtch 289 to toggle' the metric lamp 211 
and English lamp 210 to change thle commanded condition. The 
numerical scale factor and the met trie/English scale factor can 
30 be changed together or independently . It is recommended that the 
floating zero point be redefined* with the g27 command when a scale 
factor change is made to insure/ that the floating zero reference 
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poin-t is defined in "the proper system/of units. Application of 
the scale factor to the feedrate parameters insures consistancy 
in units, particularly with inches-pet-revolution ( I PR ) and 
revolutions-per-inch (RPI) programming. i PR and RPI define the 
pitch of the cut, which is automatically converted to the system 
of units selected. Scale factors may be stored in the data 
processor core memory to be preserved for conditions such as 
power drop-out. 

For a typical numerical cont/rol application, the workpiece 
is mounted on the machine bed where the bed is driven 
with the servos 120, 121, and 122 to move the workpiece. Parts 
program commands are used to dri vdjthe-bed^und e r ."the assumption 
that the workpiece is aligned with the bed • 1 If "the 
workpiece is misaligned, incorrec-p motion w/ll result. The 
misalignment angle may be very smkll bfot/still significant; 
where a one degree angular misaligrunej^ti can introduce a cut error 


of approximately two tenths inches over a one fojot workpiece. 
Therefore, a very small angular /misalig iment jy&n introduce very 
large errors when compared to the O.OOOL^nch resolution of the 
numerical control system. Workpiece^seftup is often a laborous 
operation, requiring precise pofsi'tioniiAg of the workpiece by a 
skilled operator. Optical and j mechanical techniques are used to 
aid the operator, while expensive set /up jigs and fixtures are 
frequently used. In addition J pre-cali bra ting of the workpiece is 
often required for reference surfaces. Axis alignment virtually 
eliminates laborous setup, ex/pensive jigs and fixtures, pre- 
calibrating, and reduces the /operator skill requirement. The 
data processor 112 computationally aligns the workpiece by 
resolving the parts program /commands , which are in bed coordinates, 
into workpiece coordinates./ The workpiece setup sequence permits 
the operator to place the workpiece on the bed in an arbitrary 
orientation, then "shoot oJh" the reference points for the usual 
floating zero definition./ The data processor 112 derives 
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the misalginment angle from this standaf-d operation and 
computationally aligns the workpiece a'sl parts program commands 
are executed. The program flow diagram/ is shown in Fig. 3G. 
For the misalignment definition* the operator defines the floating 
zero point (0,0) with the index controfl. in operation 331, then 
repositions the machine to a second co-ordinate point and depresses 
the enter misalignment switch 295. which enters these coordinates 


Y R in operation 333. 


These coordinates are used to calculate 


the sine and cosine of the misalignment/angle in operation 335 • 
These sine and cosine terms are thejn use,d to r-esolve the misaligned 
contour through the misalignment 7 a,'ngle tdiarbtain the computationally- 
aligned contour. The data processor nextflioads^a set of contour 

'•/ concerts th^m to absolute coordinates 
if necessary, then resolves these conto^r*s^dfth well known 
mathematical coordinate rotation, techniques such asi 


parameters in operation 337v 

S3 


I. 


^Rl 


= Xcose + Ysine 



Yc'ose 

The data^pj^ocessor derives the contour initial 


in operation 339. 

conditions in operation 3^7 a'nd generates the contour in operation, 
3^9 The cycle stop condition is tested in operation 351. If 
the cycle stop condition is/not set, the data processor loops 
back along path 353 to obtain the next set of parts program 
commands. If the cycle stop condition is set, the data processor- 
exits to the executive roAitine 357 along path 355. 
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mensioning will now be 
ally follows classical 
onvenience and manual 


An improvement for parts program d: 
described. Dimensioning of drawings typi/<: 
drafting procedures, based upon drafting/; 
machining requirements, bearing little refeemblance to techniques 
required for prior art numerical control' (systems . The system of 
this invention permits tailoring to the^/ilassical drafting procedures 
so the parts programmer can dimension thib program as the drawing or 
part description was dimensioned. 

Drawings are often dimensioned jflrom several reference points 


n 


for drafting convenience. Parts programmers usually recalculate dimensions 


to convert between the various dimenajdjbnarng techniques. With the system 
of this invention, the operator can 
any dimensioning scheme, incremental! 

or absolute coordinates, and from an'j| reference point merely be 


?! 


'ogram /to permi 


He can redefine the 
programmi ng 



/ 

selecting the coordinates with a g 
floating zero point from the parts 

in absolute coordinates th^t are r^erence'd to different points 
The offset feature permits floating / zero/re definition without 
requiring the programmer /to physica/lly /Tpe"posi tion the machine to 
the new point, permitting zero po^hts^be, defined that are physically 
inaccessible due to workpiece interferences or that are located 
off the workpiece or off the macHine, such as on a skin mill or 
flame cutter where the datiim^-p'c^i^t may be located at a remote 
reference point on the aircraft/or ship. The ability to program 
both absolute and incremental dimensions on the same system gives 
the parts programmer another jiegree of freedom. In addition, the 
ability is provided to mix a)6s/olute and incremental dimensions 
in the same block of tape c6irohands and to select the dimensioning 
scheme for each axis with g o'ommands so the parts programmer can 
code directly from a drawing/, selectively changing between 


incremental and absolute /di 


snsions for each axis according to 


the dimensioning on the prawing 
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thereby defining this 


The floating zero point represents the zero absolute position 
coordinate for all absolute position commands and for display 
parameters. When the system is initial .zed, the absolute position 
parameters for all axes are set to zero 
initial machine position as the floating zero point. The floating 
zero point can be redefined by the partis programmer at any time 
in the parts program. The machine absolute position can be defined 
as the floating zero point or as an offset from that floating zero 
point. Programming of a g27 will cause the absolute zero point 
to be defined by the departures contained in that block relative 
to the machine absolute position. Axils departures that are not 


programmed in that block cause the fl 
unchanged relative to that axis-^posit 
is programmed, that axis jposi tion is 
the floating zero coordinate by the m: 
departure. A parts program block of 
defines that the present machine po 
point for all axes. ..A _parts program' bib 
g27x-02 defines that the present machine 



zero point to remain 
If V zero axis departure 
ned yfio be offset from 
tyae of the programmed 
mds such as g27xyzb 


9i-i"s the floating zero 
i>pk "of " commands such as 
position/Is offset from 
the floating zero coordinate by -2 ijhchesB in the x axis, but the 
relation to the floating zero coordinates for the other axes 
remain unchanged. 

Departures for linear contours caln be programmed in absolute 
coordinates, incremental coordinates, or 

and incremental coordinates at the/ same time. Auxiliary (g) 
commands are used to command the Aata processor to select the 
coordinate system, selectable on /an individual axis basis. The 
auxiliary command assignments are i all axes absolute, s^O % all axes 
incremental, g51» x axis incremen/bal J g52 ; y axis incremental^ g53? 
z axis incremental, ^5^5 and b airfis incremental, g55« These coordinate 
commands are modal, where the coordinate selection is applicable 
to the block in which it is programmed and to all subsequent blocks 
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fined by g02 and g03 commands, 
mental coordinates commensurate 


utomatically treated as 
ordinate selection for the 
do not have to be redefined 


until changed. Circular contours, de 
are automatically programmed in increi 
with the previously referenced EIA Standards. If a circular 
contour is programmed for an axis operating in absolute coordinates, 
the circular contour parameters are a 
incremental coordinates. Absolute co 
linear contours will be preserved anc 

as absolute coordinates following th* circular contour. Selection 
of all axes to be programmed in absolute coordinates is commanded 
10. with a g50. Absolute coordinate linear contours are programmed 
with the contour end point coordinates relative to the floating 
zero point. Selection of all axes /to be^pro,grafhme"d\ in incremental 
coordinates is commanded with a g5l/« /Incremental coordinate 
linear contours are programmed wi^T the contour end/ point 
coordinates relative to the ini'tia/L position of tjTte machine at 
the beginning of the contour / . Selection o^f an/axis to be programmed 

ausly been programmed 


in incremental coordinates 7 when it has pre 

in absolute coordinates ^requires Lhe c o r r^esj jpn-d'ing ax£_ s incremental 
g command, such as a gf^2 for the /x axis. S^ 


lection/of an axis 


20 to be programmed in absolute coordinates wWen it/has previously 


f 


been programmed in incremental coordinates/ requires a g50 command 
to set that axis (together with /all other/ axes) to absolute coordinate 
programming. It is then necessary to selectively reset the axes 
that have been programmed and afc*e to remain in incremental coordinates 
with the corresponding axis incremental g commands, such as a g52 



30 


for the x axis. 

Ability to prograr?t~-m^njy g commands in a single block is 
provided to simplify coordinate selection, where various combinations 
of incremental and absolute coordinate programming can be selected 
with a single block, independ/ent of the quantity of g commands 
required. Absolute and incremental coordinates can be changed 
throughout the parts program/ without loss of position because 
the data processor 112 keepd track of the command absolute position 
of all axes including those/ selected for incremental coordinates. 
Therefore, selecting absolute coordinates for a 


I 
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previously incremental coordinate axi/s in the middle of the program 
is acceptable, where the command absolute coordinate positions 
for all axes are continuously update*}. 

A variable block format is used for parts program inputs, 
where an axis that is not programmes in a block will hold position 
independent of the coordinate system selected. A fixed block format 
is used for the keyboard input, requiring all commands to be programmed. 
For the keyboard input, if an axis is in absolute coordinates and is 
to hold position, the displayed absolute position does not have to 
be changed. For the keyboard input, if an axis is in incremental 
coordinates and is to hold positfion, a ze.r^o position incremental 
command must be input and displayed,-^ 

It is often desirable toracce-ss ydrious parameters automatically, 
such as from the parts program J A parameter table is contained 

112 as commanded, 
be offsets , /compensation 


in memory and accessed by the ylata (groj: 
The parameters in the tab/e maiy 
parameters, or other parameters 


A table of parameters f^** lDe // ar ^ ded tnrou S n ~t!ne tape reader ll6 
using a parameter tape containp.ng^& g command, such as G70, to 


ries of parameters are contained 


identify a parameter tape, 
on the tape with the f ornqat : 
g?0 

PA 1 A 2 AjA Li . , B 1 B 2 j^ 3 Bi 4 .B 5 3 6 
PA 1 A 2 A 3 A^ f B^bVb^BzjB^B^ 
EOB 

where the P character definyes a new parameter, the A characters 
define the particular paraiheter address in the table of parameters 
to be modified, the comma/separates the address characters from 
the parameter characters^ and the B characters define the parameter 
to be loaded into the selected table address. A parameter table 


% 
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can also "be loaded wi-th "the controlkpanel 11^, as will "be described 
hereafter for offsets, or with othefri sources that will become 
obvious to those skilled in the arjt 

Individual parameters are stbred in a ** table" in memory 
such as the main memory 130 of the /data processor 112. This 
memory in one embodiment is an electrically alterable and non-volatile 
core memory, so the parameters can/ be easily modified and are 
preserved even under conditions su'ch as power turn-off or power 
drop-out. Parameters may include (offsets, history, tool life, and 
can include radius and other such/ pos itio n oriented parameters. 
These parameters can be verif i ed^wi-oh the numeric displays and 
modified with the keyboard--; Offsets! are usually provided for 


turning and photo machines that pve 
cutter compensation^ are usually 
grinding machines^ and flame cutting 
parameters can/be provided as vri 
in the art. 


for a lathe 


Operation will be discussed 
msN 


chine but this capab 


turret. Radii such as for 
4"or milling machines, 
nines. Other selectable 
iome obvious to those skilled 


ce to tool offsets 
tended to include 
parameters for control 
ool history and tool 
capability to aid 
are accessed 



all means and methods for processing/ mult 
Df a machine as generally described 
life provide a degree of managemen 
in efficient system utilization 

automatically with a t parts/ program command, where the machine 
is driven an amount equal to the algebraic difference between the 
old and the new tool offsetfs. The command absolute position is 
not updated for this motioj^, effectively offsetting the floating 
zero point to normalize trfe difference in tool positions. The 
tool history parameter foyr a specific tool is incremented each 
time the turret position/ for that tool is commanded, maintaining 
a historical record of the number of operations each tool has 
experienced. This capability is particularly useful for preventative 
maintenance, where it identifies the tool useage which can then 
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be related to tool wear for 
set-up, tool history parame 
number of cycles on each to 
The tool life parameter for 
with the tool history param 
is equal-to or greater- than 
replacement lamp 219 is illuminat 
When the tool replacement la 
for a convenient time to cha 
the workpiece, then identifi 
Identification is accomplish 
tool life parameters for all 
tool life parameter is equal 

Topi parame ters^.are v 

the parameter selector switc 
positioning the mode selecto 
28*4-, then sequencing thru 
or op sv/itch 25^ • i Each ti 
next tool parameteA in sequem 
is to be modified; that tool 
described above, then cleared 
with the keyboard 2^4 switche: 
Whenever a tool is chanj 
tool are redefined and 
zero set for a new tool 
a used tool. The tool 
tool number in the most 
the parameter identific; 
The tool number will rai 
tool parameters. The t< 
(x,y,z and b) thru the 
parameters . The tool 


replaceihen 
are checked 


tool is! au 


Whenever 


ed and/ con 


19 is 
tools , 


and replace 


the 



iefine th 


th* tAol offse 


tjool his to 


to a uti 
ter displayed 


ficant- digit 


in the second 


rotn thru 9 fo 
parameter will r 
history and the 


>rs are acces 


During workpiece 
insure that the 
acement number, 
tomatically compared 

tool history parameter 
parameter, the tool 
nuously flashed, 
g, the operator waits 
s the completion of 
he worn tool or tools . 
e tool history and 
g the tools where the 
the tool history parameter, 
ed by positioning 
position 222, 

keyboard position 
ble with the enter 
is depressed, the 
If a tool parameter 
d be accessed as 
switch 2 50 and entered 
new tool parameter, 
parameters for that 

parameter is either 
zation quantity for 
s identified with the 
eft : ianr1 digit) and 
ost-signif icant-digit . 

up to ten sets of 
nge from the axes offsets 
tool life (h and 1) 
d in a sequence such 
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as 0x f Oy, Oz, Ob, Oh, 01, lx, ly, hz, lb, lh, 11, 2x, . . . 9x , 

9y t 9z, 9b, 9h, 91, Ox, Oy... • for a/four axes system with tool 
history and tool life parameters. /Various types of parameters 
can be added or deleted as required by the application. Tool 
quantity can be increased- from 10/ to 100 merely by adding another 
tool identification character for the range of 00 through 99 
tools. Also, selections other tkan for tools can be accomodated 
using the means and methods described above 9 

In one embodiment, ten turiret ^pasrtlon selection 
: odes may be provided in conjunction with ten x-£ offset 


pair selection codes. Any one/ of ten of 
be selected for any turret position; 
where a t command first executes the tur; 
then automatically executes tfhe offse, 
may not have ten turret positions, wherj 
positions provided with the jmachine ar< 
program; but ten offsets pairs may be 
independent of the number o/f turret 
and sequencing associated With turret 
automatically with the datjk processo 


set 


iirs may 


et position command, 
ommands . The machine 
only -&toe actual turret 


Dmmanded with the parts 

each turret position 
is available. Timing 
positioning is performed 
112. The t command initiates 
a data processor canned cj/cle to reposition the turret, with 
time delays and interlock^ that insure proper operation. Therefore, 
a t command can be programmed without the need for a dwell or 
other such command. The/ t command has a t2 format, where the 
least significant character defines the offset pair and the most 
significant character defines the turret position. For example, 
a t25 command selects /offset pair 5 to be used in conjunction 
with turret position jE. A t command may be oroerammed 
in a block with otheir commands, including s commands and machine 
motion commands. TJie t command will be executed after the execution 
of the s command biAt prior to the execution of all motion commands. 
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Incorporation of a form of post processor in the data 


ape interchangeabili ty 
ity permits the system 


processor program permits a degree of 
previously not available. This capabi 

to emulate (operate in a manner similar to) a prior art 
non-computerized system for full tape interchangeabili ty . Shop 
logistic considerations are enhanced With the ability to accept 
the tape input formats of other controls. This feature permits 
use of common tape preparation prografris , post processor programs 
and use of the store of old tapes. , ']|hejis.excan benefit from 
10 the special capabilities available with this system without 


eliminating the need 
permitVing use of the 


obsoleting old punched tape/ programs/ anc 
to retrain parts programmers, but still 
proven tape preparatio^n computer prpgrams . 

The automatic generation of sl/andar^l s^iaoes using a simple 
programming language is performed jbo reduce the parts programming 
requirements placed on the user. /Standard shapes aVe selected 
with g commands from the punched tape flor automatic operation 
and from the keyboard for semiautomatic operati>zm. Approximately 
20 standard shapes are implemented in /the bad'ic system and stored 
in the core memory. Addition of | another /ffiemory such as a parts 
program memory permits hundreds /of sl-jfapes to be incorporated, 
to be used as an extensive library O/f shapes for programming 
use . 

Additional capability periiits the parts programmer to program 
fixed cycle subroutines such as identified with sequence numbers 
and loaded into a memory, whidh may be a parts program memory, 
using a ; stored parts urogram arrangement as described herein. 
These programmable fixed cycljfe subroutines can be accessed by the 
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parts program with various commands. The data processor 
112 will execute a parts program 

containing programmable fixed cycle commands, transfer control 
to the fixed cycle subroutine memory w] 
is executed, execute the fixed cycle subroutine, then return to 
the parts program for the , next block cff commands. Higher levels 
of parts program subroutining can also be provided. Unconditional 
Transfer commands can be defined such* as N050g48N752 , where 
the g^J-8 command contained in block 5/>(N050) will transfer parts 
program operations to the block 752 /subroutine and will save the 
return address, which is block 51 • /Indirect Transfer commands 
can be defined such as N753g^9t whe/re the g^9 command contained 
in block 758 (the last block^i-n'^th^ previously described subroutine) 


Jzo the block 51 , 

Multilevel parts 


and deceleration will now 
eration/ operations for 
ise tc/ parts program commands, 
and/adaptive ly when conditions 
perations . The data 


will transfer parts prog-ram ope rat 
previously stored as/the return aJ 

program subroutine capability can/ bel provided such as with a 
push down list o/r other technique's Wilil — k-nowr^ in the computer art. 

Control of Imachine acceleration 
be discussed. Acceleration and /dece! 
machine motion are provided in i^espof- 
and are also provided automatically 
warrant acceleration or deceleration 

processor 112 modifies the conibour calculations to change the 
real time interpolation commands 123 to the servos 120, 121, 
and 122 to provide acceleration and deceleration control signals 
to the machine 124. The machfine /12*+ responds to these acceleration 
and deceleration control signals 120, 121, -and 122 to gradually 
accelerate or decelerate the/ machine 12^ to the required velocity 
as commanded by the data processor command signals. 

Programmable acceleration and deceleration capability is 
provided for Continuous mo<ke operation where continuity of the 
contour is required at the/ parts programmers option. Acceleration 
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can be commanded with a g08 command /and deceleration can be 
commanded with a g09 command. These commands apply only to 
the block in which they are programmed, A block of commands 
can contain either a g08 , a g09» b£>th or neither of* these 
commands . 

Automatic acceleration and deceleration is provided Tor 
all conditions that continuity oj£ the contour is not required 
such as when the axes motions afe initially at rest, come to 
a stop, or for rapid traverse c/onditions which are not used for 


10 cutting metal. Acceleration 
automatically for motion in t. 
index modes and for ram.-d tr; 
mode. In addition , /automati 
for all axes motions initiatfe 


and automat 


ic^decel 


motions terminated with th 
switch 260/ and programmed j s 
m02 , and m30. Automat 
eliminates problems 
2 parts program writt< 
is at the transit i 
high speed contour 
acceleration and de 
mode because the ch 
to the second contour 
mode because the ch; 
to a stop condition 
by the data proces 
motion will start 



d deceleration will be commanded 
ara\, jog, block, and 
)/, in the continuous 
Ion will be commanded 
e cycle start switch 246 
commanded for all axes 
^Wtop switch 256, slide hold 
s such as mOO, mOl, 

deceleration capability 
the block mode with a 
mode . An example 
ed contour to a second 
he same direction, where 
required for the continuous 
locity from the first contour 
but are required for the block 
locity from the first contour 
t. Operations are determined 

e conditions where machine 
at rest. The acceleration 


30 and deceleration commands are automatically executed by the data 

processor 112 under these conditions to insure that smooth 

/ 

transitions are /provided. 
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Adaptive acceleration and deceleration is provided, where 


ahead" capability to 
sequential blocks of 
defines the acceleration 
nake a smooth motion 
notion to the next block 
r 112 adaptively provides 


the data processor 112 provides a "look 
calculate the velocity of each axis for 
commands. The data processor 112 then 
or deceleration operations required to 
transition from one block of commanded 
of commanded motion. The data processo 

the required real time interpolation cammands 123 to the servos 
120, 121, and 122 to provide smooth transitions from one machine 
10 motion to the next machine motion. 

Programmable acceleration and deceleration ramps are provided 
to permit the parts programmer to conjcrol the ramp slope to 
optimize machine operations. For_,e-x-a4nple , acceleration into a 
v/orkpiece might be more gradual than /Wecjbleration out of a 
workpiece. Also, rapids "ramps would /b£ /commanded for rough cuts 
and gradual ramps would be commanded yflor finish cuts. The 

the acc 


eleration ramp 
celeratiqn ramp. The 
ijesses afife used to define 
accesses the a and d 
corytour calculations 


parts program addresls a is used to /set 
and the address d is \ised to set the d< 
numeric characters following these/ addi 

20 the ramp slope. The data processor 112 
parameters when required and adaprfcs the 
to control the change in machine /veloc i 

Programming for rotary axes/ will mow be described. Rotary 
axes have the same scaling and ©peraiTi/ig characteristics as 
linear axes. Standard resolves gearing for rotary axes is 10 
degrees of table rotation for one resolver rotation or a J6 : 1 
gear ratio. Therefore, the sjfervo resolution for rotary axes is 
0.005 degrees corresponding jo 0.000050 inches for linear axes. 
This scaling has no special program scaling requirement for linear 

30 and rotary axes, except thalf the decimal point on the numeric 
display is different. The parts programmer can command a 
departure as high as 9999.995 degrees yet not require special 
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contour considerations beyond that/of a linear contour with a 
99*99995 inch departure. The storjbd program does not have to 
discriminate between linear and rcftary axes. Feedrate calculations 
consider only linear axes departures to define velocity, then 
synchronize the rotary axes to thfe linear axes for slope commands. 
As an example, a part program blfoclc with x, y, and b departures 
a vector feedrate based upinJpy-x^ -+- y^ but a slope based 

s\ f 


has 

upon x, y, and b. Feedrate^va: 
axes correspond, where a/ part forog: 
x + 00.70700 inches, y -I 00.70700 
and f 01.0IPM v/ill provide ,r?Q7 I 
y axis velocity, 1 IPM, x-y axes 
per minute b axis velocity. / Th 


2S v, 
lis/ : 


for Ithe rotary and linear 
ram jolock containing: 

es, b + 0100.000 degrees, 
locity, 0.707 IPIvl 
ector veloc/ity, and 100 degrees 
relates to iOO degrees per 


minute/inch per minute for rotary axis fe4drate scaling. Incremental 
and absolute coordinate pro;gramming is /equally applicable to 
linear and rotary axes without Special considerations. Mirror 
image axis reversal is equally applicable to linear and rotary 
axis without special considerations. Absolute position data for 
rotary axes must be modujlo 360 degrees for display and storage, 
although +9999.995 degree departures are permissable, accomplished 
with the data processor* by subtracting (or, for a negative 
absolute position, adding) 360 degrees (binary) from the new 
absolute position succ/essively until the absolute position is 
less than 3&0 degrees / absolute magnitude. 
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Many terms well known in the numerical control art are 
used in this description and claims. Thfese terms are. generally 
defined in the prior art literature and /in the numerical control 
industry standards. The meaning of numerical control terms is 
intended to' be as used in this specification and, if not fully 
defined in this specification, then as further defined in those 
referenced EIA Standards and, if not/ fully defined in those EI A 
Standards, then as commonly used iiY t h e^rium e rrcal control field. 

The versatility of the control panel and display panel 

118 are presented in the previously ref arenced /applications ; Data 
Processing System and Interactive Control System . This versatility 
permits the lamp displays /218 ,/ the momefntar/ switches, and the 
selector switches to "be assigried various /functions , as described 


The momentary switches may be( 


tg-s^ed various operations 


such as Optional Stop 283/1 Block Del/ete 285. EIA and ASCII Codes 
287, English and Metric /Units 289t/CNC Source Select 280, CNC 
Mode 282, Mirror Image I2.&2. , Mirroif Image 263, Jog 252, Emergency 
Stop 258, Rapid Stop <z/r Slide Ho/ld/260, Cycle Start 2^6, 
Cycle Stop 25&, Ente^ 25^» Cle^r'250* and various spares 291 
and 295* These sv/j/tch assignments can be changed 
and the execution >can be defined under data processor program 
control • 
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The lamp displays may be assigned various functions such 
as Power On 23^, Error 236, CNC 2?0, Execute 272, Edit 27^, Delete 27 
Record 278, Optional Stop 200, Block DeleVe 201, Spindle C;V 202, 
Spindle CCW 203, X Reverse 204, Y Reverse/ 205, Z Reverse 206, 
B Reverse 207, EIA Code 208, ASCII Code £09. English Units 210, 
Metric Units 211, Slide Hold 212, Cycle/On 213, Cycle Off 271, 
and various spares 215, 216, 217 and 21/9. These Is 
display assignments can be changed and/ the execution can be defined 
under data processor program control. 

The selector switch such as the Parameter selector switch 2^2, 
can be assigned various functions. /For a Milling machine the 
assignments can be X Axis 227, Y A^is 226, Z Axis' 225, B Axis 22^, 
Sequence Number 223, Spindle Speed 222, I Arc Center 223, J Arc 
Center 229, K Arc Center 230, M Oommand 231, G Command 298, 
Feedrate 237. Feedrate Override y239. Cutter Compensation 2^3, and 
spare 221. For a lathe th^assign/nen^can be X Axis 227, 
Z Axis 226, Sequence N > 9 SpindQLe /Speed 224, Turret Select 

223. Tool Offsets 222, I Arc denser 22 3/ K Arc Center 229, M Command 
230, G Command 231, Feedrate k,9Q , Feedrate Override 237, and spares 


,1 


221, 239, and 2^3- Thes'e selector swi fclnrssignments can be 
changed and the execution cyan be defined under) data processor 
program control. 

The parts program yformats for ycommarWing numerical control 
systems have been standardized by tbie Electronic Industries 
Association. A typical/ standard is /EIA standard RS-274-B; 
Interchangeable Perforated Tape Var/iablfe Block Format for 
Contouring and Contoiiring/Posi tioning Numerically Controlled 
Machines; published yby the Electronic Industries Association: where 
this standard and yhe references contained therein are incorporated 
by reference herei 
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A parts program is intended to mean a program that describes 
a sequence of machine operations to generate a part; wherein the 
parts program comprises a sequential set/ of blocks of commands, 
where each block contains one or more cfommands for the numerical 
control system in a control oriented language. This language is 
usually comprised of a word address format as described in the 
previously referenced EIA Standard RS-e?^, but may be another such 
control oriented language. This control oriented language is 
intended to be contrasted to a compiler oriented language such as 
the APT language which requires a generalized input to a large 
scale computer but is not acceptable by a typical numerical control 
system. 

A parts program is composed i 
commands, where each block defines/ 
contour and the /associated commands 
operation. Each\ block is composed 


words are composed of a group of /cl 
2 ode. A patrrfci 



equence of blocks of 
Operation such as a single 
quired to implement that 
a group of words, while the 
cters. Each character is 


jo"glFam may^BeN a complete 


composed of a binary cc 

program for cutting a part or may be a portion of a complete 
program for cutting a part. Fopc example, a parts program stored 
in the parts program memory ca^ be a portion of the operations 
required to generate the part,/ particularly if the total set of 
parts programs to generate the part willl not fit into the storage 
provided. Therefore the terri^ parts program is intended to mean 
a large number of blocks of commands^/ but not necessarily the 
complete set of blocks required tp cut the part. 

Although the preferred embodiment of this invention accepts 
parts programs in EIA Standard form 'with EIA tape codes; words, 
and blocks; it will become obvious to those skilled in the art 
that other forms of numerical control commands can be provided. 
Greater levels of freedom in defining these numerical control 
commands are available with the hierarchy of computer systems 
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^^^j^ -^ CNC Command Arrangement 



The CNC system 110 will now be di 

L 


scussed using the tape 
reader ll6 to provide CNC commands an'd t) enter parts programs. 


can be provided from 
el 114, a typewriter 156, 

CNC commands, CNC 
ader 116 using letters, 


It will become obvious that CNC commands 
various other devices such as from a pane 
a data link 128 or from other sources ot 
jj commands can be entered with the tape ri 

; numbers, and control characters punched/ on a tape with a tape 
punch 15*+ such as a Frieden Flexowriter or a Teletype Model 
10 ASR-33 which are well known in the ary. The operator starts 

operations by locating the CNC comman^ta-pe^ in iSJiev tape reader 116, 
positioning the Mode selector swi-tch/240 to the fflonjtinuous position 
288, and depressing the Cyc.l'e Start /switch 246. Vrjae data processor 
112 detects this switch/condition a/id controls the tape reader 116 


to read the CNC tape command • The /first command ion the CNC 


command tape should /be an Enter CI^ 
; characters DOl , which will cause 
the CNC command. The last comman 



command /defined with the 


le data processor 112 to enter 
on the CNC command taz>e should 


be an Exit CNC command defined with the characters DQ2V which 
will cause the data processor 1112. to exit the CNC/condition. 
Various CNC Modes can be commanped with CNC tape commands D03 

Hand c4 


through D89. For example, D03/will comma 


C/NC Edit, D04 will 



command CNC Record, D05 will c/ommand/ 3NC Execute, DO.6 will command 
CNC Deletion of the selected folock in the parts program memory, 
D07 will command CNC Deletion of the complete parts program stored 
in the parts program memory/ and D09 through D89 will command 
various other CNC operations that will become obvious to those 
^skilled in the art. 

The operation of -tfhese CNC modes will be described in 
30 "detail hereafter in conjunction with the control panel alternate 
source of CNC commands./ The execution of these CNC commands may 
ibe substantially independent of the source of these CNC commands 
• The primary dif f erence/s may be related to the operation of the 
,CNC command means. Ebr example, a CNC 



\ 

command from the tape reader 116 is in a different form than a 
CNC command from the panels ll4 and 118; but the execution of this 
command by the data processor 112 may 
for both command means . The data pre c 
in various forms and executes these 
stored program. 

Selection of the source of pjkrts program commands is made 
with CNC tape commands D90 through /D99; where D90 will select the 
tape reader 116, D91 will select the data link 150, D92 will select 
the typewriter 156, and D93 through D99 will select various other 
sources of parts programs. Following a parts program selection 


be substantially the same 
cesser 112 accepts commands 
omraands as defined by the 


command, the operator will s 
the parts program tape in'^the t 
Cycle Start switch 246/to initi 

From the description of 
will become obvious that the CI 
tape reader input can^ also be 
irnout command devices. 


system such as locating 
ader 116, then depress the 
oading of the parts program . 
anel operation herein; it 
nands joist described for a 
irovjLded witji the operator panel 


l Jpe 


}e provided with the tape 
le Teletype model ASR-33, 
jpxs these commands and executes 


Additional CNC capability 
20 reader 116 or other device su 
where the data processor 112 I 
these commands as described belc 

A CNC command to record or output data can be defined byi 
R F 1 F 2 F 3 P *l-» L 1 L 2 I'3li4 A whlre the letter R defines a record or 
output command, the four F characters define the sequence number 
of the first block to be output, the four L characters define the 
the sequence number of the /last block to be output, and the A 
character defines an ASCII/ output code. If the A character were 
replaced by an E character, then an EIA output code would be used. 
30 If the A character were replaced by a B character, then a simple 
binary code would be usedf. The data processor 112 outputs the 
selected portion of the parts program in the format and code defined 
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30 


by this CNC command and "to the channel /selected. That channel 
could be connected to a tape punch 15*7* a typewriter 156, a CRT 158, 
a data link 150, or other output devices through the auxiliary 
I/O channels 128. 

A CNC comnand to check data ckn be defined by: 
C F 1 F 2 F3F4, L 1 L 2 Ii3Li f A» where the l'etter C defines a check command, 
with the other command characters defined previously. The data 
processor 112 will compare parts program blocks from a source of 
parts program commands such as the/ tape reader 116 with the parts 
program stored in the parts program memory 130 and output the 
differences. The data processor il2 will load a block of commands 
from the selected external source of parts program commands, compare 


tored plock, and output both 
columns of printouts will 


this block with the corresponding 
blocks if they do not compare. '/Twc 

result. If the sequence numberjs cafn ~bja matched up but the commands 
don't compare, then the data pifoceda6r 112 will output the stored 
block in one column and the in,put pib-cic— 3:n a^cond column. If 
the sequence numbers can't be /matcfl-ied up, either a block was added 
or a block was deleted, where/ than: block wili be output in the 
appropriate column. Check omtpuys as printouts such as to a 
typewriter 156 can constitute a listing of editing changes made 
to the parts program. Check oul/pu<ts such as to a tape punch 15*+ 
can provide an edit record /to be used to correct the original parts 
program. Check outputs to/a/aata link 150 can provide edit 
parameters to a remote lar^ge sclale computer system to be used in 

update in source language. This check 
operation can verify thatf the parts program had been properly loaded 
by performing this CNC ciieck operation with the same parts program 
after loading the parts /program into the parts program memory. 
This check operation cap verify that the parts program had been 
properly output such as punched on a tape in the record operation 
by performing this CNC/ check operation, such as with the new tape 
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after punching tha-t tape. Other uses of the CNC check operation 
will "become obvious to those skilled ifri the art. 

A CNC command to edit or input /data can be defined by: 
E FjFgF^Fi^, I^I^L^I^ Aj where the letter E defines an edit or input 
command, with the other command characters defined previously. 
The data processor 112 will load the/ parts program from a source 
of parts program commands such as the tape reader 116 and store 
it in the appropriate order in the /parts program memory 130. A 
single block will be loaded when the four F characters are the 

10 same as the four L characters, defining a start address that is 
the same as the stop address. Iri this manner a single block can 
be added or used to overlay or Replace an existing block in the 
parts program memory 130. 

A CNC command to delete'Tdata c4n be defined by: 
D F 1 F 2 F3F4, I^I^I^L^ Aj/where the letter D defines a delete 
command, with other command/ characters as defined previously. 
The data processor^will deieyjfe the blocks of parts program commands 
in the parts program memory M&f ined by the F thru L sequence numbers. 

A cnc command to exje/cpte the parfts program can be defined by: 

20 X F 1 F 2 F3Fi 4 ,, L 1 L' 2 L3L4 A; wli&rfe the letWr X defines an execute 
command, with the other cilmmand characters defined previously. 
The data processor 112 w f/l-l execute the blocks of commands defined 
by the F thru L sequence/ numbers to control the CNC system 110, 
and the machine 12**. 

Other CNC commaWds^ and command formats will now become 
obvious to those skilled in the art. 

Various lamp displays may be used to display the CNC 
conditions and modes./ These displays are optional and are used 
primarily for identification of the system conditions to the operator. 

30 The display panel 118 permits convenient addition or modification 

of_lamp displays and operation, as described herein. _ 


1 
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The use of* several switch controls and lamp displays 
as provided for in -the panel design, (will permit CNC operation 
to be controlled from the panel. On* embodiment of CNC panel 
operations will be described with re/ference to Fig. 2. The 
switches that control the CNC operation are the CNC Source 
Select switch 280 and the CNC Mode /switch 282. Lamp displays 
may be used to define the CNC mode£. In one embodiment, these 
are the CNC lamp 270, the Execute /lamp 272. the Edit lamp 274, 
the Delete lamp 276, and the Reco/d lamp 278. Activation of 
the CNC Source switch 280 will a3/ert the data processor to an 
operator command to change the s6urce of parts program commands. 
The data processor 112 will ^ait^rnkte^Ly toggle the CNC lamp 270 
to the on state, then to/^the of/f sija'te ] then to the on state and 


so forth in response to each adtiva 


/ 


n of the CNC Source Select 
parts program memory and 
program commands. When 
e system is in the CNC 


switch 280, alternately selec 
the tape reader as sources of 
the CNC lamp 270 is illuminated / th 

condition^ where the data processor will operate on the part 
program commands stored in trie parts pirogram memory. When 
the CNC lamp 270 is extinguished ,/ the' system is in the Tape 
condition; where the data ptocesdor will operate on the parts 
program entered through thp tape! reader li6. Additional sources 
of parts program commands Jban be selected with the CNC Source 
Select switch 280, which cfan be used to sequence the spare 
lamp displays 218 through/ a sequence of conditions similar to 
that discussed hereafter /for the CNC Mode switch 282 and lamp 
displays 272, 274. 276, £nd 278. 

In one embodiment of CNC operation, the lamp displays 218 
are used to define systfem conditions. One of the CNC mode 
lamps 272, 274, 276 anf 2?8 will be illuminated to define which 
of the four CNC modes Aias been selected. The CNC Mode switch 282 
will permit the operator to sequence the system through the modes 
until the CNC mode trfat is displayed satisfies the operator. 
Each depression of 1}he CNC Mode switch 282 by the operator will 
cause the CNC Mode lamp that is illuminated to be extinguished 
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The operation of the system! will next be described for the 
embodiment where CNC commands are entered with the panel 114. Other 
CNC command means can also provide these commands such as previously 
described, 

A new parts program can baf loaded from a tape through the 
tape reader 116 into the parts program memory. This CNC operation 
is performed with the CNC lamp 370 illuminated, the Edit lamp 274 
illuminated, the Mode Selector switch 240 in either the Continuous 
position 280 or the Block posit/ion 282, and the tape properly placed 
in the tape reader. When the operator depresses the Cycle Start 
switch 246, the data processor/ 112 v^Ml~i'ense this CNC command, 
load a block of tape parts prdg-ram commands, then place this block 
of tape commands in the parts I program memory in the order of the 
sequence numbers. If the/seqjue/nce number of a block of commands 
from the tape does not cforresjp^nd to ('aijiy sequence number in the 
stored parts program, the tape/ block w: 
the closest adjacent sequence /numbers 


ITTeHnserted inbetween 
of the stored parts program 


memory. If the sequence nu 


r of a tape block corresponds to 


then the \tape block will 
program memory. If the 


with the Delete mode, then 


the sequence number of a stored block, 
replace the stored block in j /the parts 
parts program memory had bejan cleared 

the complete parts program jfrom the tape will be loaded sequentially 
into the parts program memoJry. The term "load" is intended 
to include not only entering of data, but also the required 


30 


preprocessing operations, 
will load a single block 
switch 246. In the Conti 
load a sequence of blocks 
Start switch 246; stoppin 
command or when the parts 


In the Block mode 232, the data processor 
fbr each depression of the Cycle Start 
ijuous mode 280, the data processor will 
for a single depression of the Cycle 

only for an end-of -program or end-of-tape 
program memory is full. 
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Execution of a stored parts 


memory is performed with the GNC liunp 270 illuminated, the Execute 


program from the parts program 


Selector switch 240 in either 
Block position 282. In addition, 


lamp 272 illuminated, and the Mode 
the Continuous position 280 or the 

the sequence number of the first tlock to be executed should 
be searched for and displayed on 1 he sequence number display by 
performing the Search operation as 
operator depresses the Cycle Start switch 246, the data processor 112 
accesses the displayed block of commands from the parts program 
10 memory and executes this block^osfj commands . In the Block mode, 

data processor 112 will execute a single block of commands for each 
depression of the Cycle Start switch 246. In the Continuous mode, 


the data processor/112 will execfulfe/a s 
for a single depression of the Cyc 
only for an operator commanded I top 
Editing of a stored parte j 


memory with the keyboard 244 id pdrforme'd with the CNC lamp 270 
illuminated, the Edit lamp 274 1 ii: 



ence of blocks of commands 
switch 246 ? stopping 
partes program commanded stop. 


i f/r< 


om the parts program 


switch 240 in the Keyboard position 284. The new block 
to be entered is entered with /th^ keyboard 244 and 
verified with the numeric display 238, as described herein. 
This displayed block is then /Loaded by depressing 
the Cycle Start switch 246. /if the 

sequence number of the displkyed block corresponds to the sequence 
number of a stored block, the data processor 112 will replace the 
stored block with the displayed block in the parts program memory. 
If the sequence number of the displayed, block does not correspond 
to the sequence number of a stored block, the data processor 112 
will place the displayed Block in the proper sequence in the parts 
program memory. Next, the data processor 112 will assemble the 
stored parts program for /more efficient storage; which may be 
performed' automatically or upon special command. 


-151- 


10 


Verification of a block of sftored parts program commands 
is performed visually with the CNcjlamp 270 illuminated, the Mode 
selector switch 240 in the search position 290, and the selected 
sequence number displayed with the I numeric display 238. Depression 
of the Cycle Start switch 246 will! command the data processor 112 
to search for the selected block ahd display that block on the 
numeric display 238. If the seledted block is not in the parts 
program memory, the system error lamp 236 will be illuminated. 

Deletion of a block of comjnands is performed with the CNC 
lamp 270 illuminated, the Mode'se'lkctor switch 240 in the Keyboard 
position 284, and the Dele^te^ lasjp 3,76 illuminated. 


number of the block -to' be deleted i 
then the Cycle Start switch 246/ is 


/ 


The sequence 
ils e'htered with the keyboard 244, 
depressed to command the data 


processor 112 to delete the sel'ecte 


will assemble the parts progra/n for 
automatically or upon special /comm: 


d blockTX The data processor 112 

more efficient storage, either 
nd. If -|me selected block 


was the largest number displaced, 9999 toy this system? then the 
data processor 112 would dele/te th 3 complete stored parts program 
in the parts program memory. 

Punching a tape consisting of /the parts program in the 
parts program memory is performed where first the operator will 
search for the first block to be punched then the operator will 
enter the sequence number of the last block to be punched 
through the keyboard 244. with the CNC lamp 270 illuminated, the 
Mode selector switch 240 irl the Keyboard position 284, and the 
Record lamp 278 illuminated; depression of the Cycle Start 
switch 246 by the operator/ will command the data processor 112 
to start punching a tape off the stored parts program through an 
auxiliary I/O channel 128 to a tape punch 154. 
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The data processor 112 exec 
control all operations and provide 
routines. The data processor dete 
the executive program, then transf 
routines necessary, to perform, t 
outputs. Operations may be handle 
or priority b?^i? well known in t.f 


utes the executive program to 
for ti.T.e sharing with program 
ts inputs and conditions with 
irs to the various program 
omputations and generate the 
d on a sequential, interrupt, 
e art. The data processor 


can execute programs on a time shared basis by branching out of 
subroutines as is well known in the art. For simplicity of 
10 description, relatively complex pfco^rarms such as time shared 
operations are not shown in t-Ke^f low! dialrams in Figs. 3A-3E, 


30 


but will become obvious tp those ( ski 
following description 

The data t>roce / ssor GNC stdred 


/ 


led/ in the art from the 


program can be understood 
are flow diagrams that illus- 
s^Iec-f\T.ogic is shown in Fig. JA , 


with reference to F^igs . 3 A- 3 E, which 
trate the CNG operations. The rnjbvde. 

select logic subroutine from thjb executive /routine 30O along the 
path 302 to check for a cycle ojn cpnditio/{ in operation 30*f. 
If a cycle on condition exists J trie data' processor is performing 
operations that supercede this I mode selection subroutine, so the 
data processor loops along path 106/to exit 303 to continue the 
in-process operations. If a cjycjLe off condition exists, the data 
processor follows path 305 and checks for a cycle start command 
from the operator with the; Cy^le Start switch 2 ! ' t in cperaticr 
310. If this command is not jgenerated, the data processor maintains 
the system in the cycle off condition and exits from the mode 
logic subroutine along path pi2. If the cycle start command 
is generated, the data processor sets the cycle on condition in 
operation 31^ and proceeds /bo decode the operations to be performed. 
It should be noted that thai cycle on condition will cause the 
data processor to exit from this mode logic subroutine through 
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exit 308 on subsequent iterations until the data processor 


cations and again enters the 
essor checks the condition 
operations 316 through 
subroutines 326 through 336. 


completes the required cycle on ope r 
cycle off condition. The data proce 
of the Mode selector switch 2*K> in 
32^ and branches to the appropriate 

The Keyboard mode is tested in operation 3l6, where the data 
processor enters the Keyboard subroutine 326 if the Keyboard 
mode is commanded. If the Keyboard mode is not commanded, the 
data processor proceeds to test for the Block mode in operation 31E 
where the data processor enters the Block mode subroutine 328 if 
the Block mode is commanded. If /the Block mode is not commanded, 
the data processor proceeds to test,fo-R the Continuous mode in 
operation 320, where the data^prjocessor /enters the Continuous mode 
subroutine 330 if the Cont'inuou^ mod\e ys commanded. If the 


Continuous mode is not commanded 
test for the Index mo»de in oper/atio: 
enters the Index mode subroutine 332 


the' data processor proceeds to 
322 , where the data processor 
if the Index mode is commanded. 


If the Index mode is not commanded, the data /processor proceeds 


to test for the Search mode in operat 


20 processor enters the Search mpde subroutine 33** i** "the Search 

is not commanded, the 


mode is commanded. 


If the Search mod 


ion 32 


where the data 


error sij^broutine 336 because all 


data processor branches to 

proper alternatives had been/ tested, leaving only erroneous 
alternatives. The data proc/essor is not responsive to the Cycle 
Start switch when the system is in the Jog mode and, therefore, 
that operation is not presented in "Fig. 3A, 

The Keyboard subroutine 326 is shown in Fier. 3B where 
the data processor enters l/his subroutine through operation 338 
and tests for the CNC condition in operation 3*+0 . If the CNC 
condition is off as definefd by the CNC lamp 2?0 extinguished, 
the data processor executes the displayed keyboard commands in 
operation 3^2 and exits tjhe subroutine in operation 3^5 • If the 
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GNC; condition is on as defined by "the 


the data processor tests Tor the Execute mode in operation 344 


GNC lamp 2?0 illuminated, 


lamp 272. If the 
cessor executes the displayed 


as defined by the state of the Execute 
Execute mode is selected, the data pr< 

keyboard commands in operation 342 anfl exits the subroutine in 
operation 3^5 • It should be noted thkt the execution of the displayed 
keyboard commands in operation 342 is/ the same independent of 
whether the CNC condition is on or off. If the Execute mode 
is not selected, the data processor tests for the Edit mode in 
10 operation 3^6 as defined by the s tatfejWf - "t'He Edit lamp 2?4. 

If the Edit mode is selected, the'aarta \proces^sor performs the 
edit operations 348 by first/searchijng \for trie displayed sequence 


number in the parts program memory. I If 


is located in the parts program mem' 
the stored block of commands with t; 
in the parts program memory. If t: 
locate the stored sequence number 
the data processor stores the dis 
the two blocks of stored commands 
20 lowest sequence numbers. After t 
processor reassembles the stored 
program memory for more efficient] 
then exits the Keyboard subrouti: 


>ry. 


di 


the/ stored sequence number 
the data processor replaces 
played block of commands 


processor \does not 
parts program memory, 
ayed qlock of commands inbetween 
th\e next highest and next 
aditl ope rat/ion, the data 


gram in the parts 
The data processor 
through operation 3^5 • 
If the Edit mode is not selectedj the data processor tests for 
the Delete mode in operation 3501 as defined by the state of the 
Delete lamp 27§ • I** "the Delete mode is selected, the data 
processor performs the delete operations 352 through 362. A test 
is first made of the sequence number in operation 352. If the 
sequence number is the maximum Aralue (9999) f then the data 
processor branches to operation 354 which deletes all stored 


parts program blocks in the pa: 
memory. If the sequence numbe 


: 'ts program memory to clear that 
is not the maximum value, then 
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-the data processor branches -to oper 
processor searches for the selected 


parts program memory and tests to d spermine if the block i 


ation 356 where the data 
block of commands in the 


located in operation 358- If that 
data processor branches to operatio 


deleted and the stored parts progran is reassembled in the 


parts program memory for more effic 


Dlock is located, then the 
1 36O where that block is 


processor then exits the Keyboard subroutine through operation 


ent storage. 


The data 


the data processor branches 
the delete command can't be 


processor performs the record operation 

of the parts program stored in t'hej parts \p^rogram memory. 

be 


r subroutine 368^because all 
ly erroneous 


3^5 • If that block is not located, 
10 to the error subroutine 362 because 

executed on a block that is not stored in parts program memory. 
If the Delete mode is not selected, the data processor tests 
for the Record mode in operation 3q^i Sef ined^by the state of 
the Record lamp 278. If the Record m&€h is selected, the data 

366 by punching a tape 
An 

auxiliary tape punch 15^- would be jused, w^ie~re--tlTi~s ta-p^e punch 15^ 
and the required data processor infterf ace \ f or the tapey punch are 
well known in the art. If the Record mode, is not selected, the 
data processor branches to an errc 1 
proper alternatives have been tested, leaving 
alternatives . 

The Block subroutine 328 anjci the CNG' Continuous subroutine 
330 will now be described with rejference to Fig, 3C because of 
the similarity in executing a single block of commands, where the 
decision operation 376 defines whether a block or continuous 
operation will be executed as discussed hereinafter. The 
primary difference is that the data processor in the Block mode 
will automatically return the system to the cycle off condition 
30 after execution of that block qff commands, while the data 
processor in the Continuous moAe will not automatically 
return the system to the cycle/ off condition, but will continue 
to execute blocks of commands/ until commanded to enter the 
cycle off condition. The data processor enters the Block or 
Continuous subroutine througfi operation 370 and tests for the 
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CNG condition in operation 371. If 
"the data processor* accesses the nex 
the tape through the tape reader 11 
executes this block of commands in 
CNC condition is on, the data proce 


in operation 373 • If "the Execute mode is selected, the data 


processor accesses the next block o 
program stored in the parts program 
and executes this block of command 


the CNG condition is off. 
t block of commands from 
S in operation 372 and 
operation 375- If "the 
ssor tests the Execute mode 


F commands from the parts 
memory in operation 37^ 
in operation 375. After 


10 execution of a block of commands from either the tape or the 


parts program memory, the data proc 
mode in operation 376. If the/Bloc 
data processor branches to/bperatiqn 


off condition. The data processor 
routine 382. If the/Continuous moc 


<£ests for the Block 
node i*s selected, the 
\77 and sets the cycle 


processor directly exits the subroi tineyjthrough operation 382. 

1fhe data processor will 
8, defined by the state 


the n e^cits to the executive 
e is/selected, the data 


If the Execute mode is not selected 
test for the Edit 'mode in operation 3' 

of the edit lamp 27^. If "the Edit| mode is s/lected, the data 
processor reads the tape from the jta^e readier and stores that 
parts program in the parts program- memory in operation 379. A 
test is made for an end of prograi^ c/ommiind in operation 380, 
If an end of program command is njbt (detected, the data processor 
branches back to operation 379 to access additional tape commands. 
When an end of program command is detected on the tape in 
operation 380, the data processo/r stops loading the parts 
program from the tape, stops the tape reader, and branches out 
of the loading loop to the executive routine 382. If the 
Edit mode is not selected, the /data processor enters the error 
subroutine 38 1 because all pro/per alternatives have been tested, 
leaving only erroneous alternatives. 

The Index subroutine 33j2 is shown in Fig. 3D, where the 
data processor enters this subroutine through operation 337, 
directly executes the Index do mm and in operation 383 by driving 
the machine to the index position, then exits the Index subroutine 
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332 "to "the Executive subroutine 3p^+. The CNC condition is 
not tested "because the same index^o-ireisation is common to 
both, the CNC condition and the JTape /Condition 

fcini 


The Search subroutir 


33H 


hown\in Fig. 3E where 


the data processor enters this subrouting through operation 386 
and tests for the CNC condition! in /ope, 

condition is off, the data processor/searches the tape with 


ration 388. If the CNC 
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the tape reader for the displayed sequence number in operation 392. 
If the CNG condition is on, the < Lata processor searches the parts 
program memory for the displayed sequence number in operation 390. 
When the selected block: is located, the data processor branches 
to operation 39^ which displays the selected block, then exits 
to the executive routine through 
When stored parts program 
program memory locations previoui 
the sequence of stored parts pro^: 
stored parts program by shifting 


commands to fill the vacant s^tor ige lo 


previously stored adjacent comm; 
parts program by shifting the 1 
to vacate an area of storage lo 
provides a more efficient manne 
A parts program usually 


not available 
fractional, sequence number digi: 
blocks to be added and numbered 
fractional sequence number digi 
or the data processor can be cc 
sequence numbers in ascending c 


operation 398 . 
commands are deleted, parts 
ly used become available within 
ram commands. Assembly of the 
the locations of the subsequent 
cations provides a more 


efficient manner of storage . Sinilarly/ when stpred parts program 
commands are added, these new colnraandg must be inserted between 


Assembly of the stored 
^tion s of the subsequent commands 


apions for th)e added commands 
f storage. 
Lnc|prporat,es three digit sequence 
numbers arranged in ascending orde» as/defined in the EIA Standards. 
When a block: is added, appropriate sequence numbers are therefore 
In the GNC system of this invention, a fourth, 
t is provided to permit new 
in ascending order. This 
may then be used in operation 
mmanded to reassign three digit 
rder to conform to the EIA Standards. 
One embodiment of this invention uses GNC mode lamp displays 
to define the operating condiiion to the operator. The data 
processor assembles a group off discrete control bits into a lamp 
30 display control word which is /then output to selectively 

illuminate the selected lamps/ as described herein. It should be 
noted that the data processor also stores this lamo disolay control 


7 
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< — — Machine Interface 

Mabhine automation has been widely used in the prior 

These 


^^^j/^^|art such as with numerical controls for machine tools 

prior art controls are special purpose (non-computerized) 


Idevices with solid state electronics, Relays , and other such 
(devices; but without stored program digital computers. The 
[special purpose devices do not fuller utilize time sharing, 
therefore requiring special circuitry for each function implemented, 
resulting in a large number of expensive circuits each 
10 jj performing a special purpose function. For the numerical control 
of machine tools, these special purpose controls have been 

I 


standardized for use with many different machines. The 
requirements of each type <ztf machine are usually different, 
requiring a different interface to convert the standard control 
/ 15 ,1 system signals into the /special signals required by the machine. 
, This interface is usually implemented with relays and mounted 

on the machine as an .integral part of the machine, commonly 
i known in the art as /'the machine magnetics" or simply "the 

magnetics". The magnetics have been accepted in the numerical 
control field as ^ necessary part of the system, where the need 
for magnetics is/ not disputed in the prior art. 

For niimerical control systems that control machine 
tools, digital commands are input with a punched tape to 
describe thes part to be cut on the machine such as a milling 
machine. ^hese commands are accessed by the numerical control 
1 system ariQ are executed to drive the machine to automatically 
cul+ the /part. 


25 



Prior art numerical c 
around special purpose digital 
logic, control, and computatio: 
purpose logic. Because of the 
of* these special purpose numer 
is preprocessed with a remote, 
parts program compiler such as 
preprocesses the information 
a control oriented language ( 
conditions and commands requi 
numerical control equipment, 
the part to be generated and 
to the numerical control syst 



have been designed 
operations such as 
ed with special 
limited capability 
stems, the data 
mputer using a 
te computer 
punched tape in 
the initial 
al purpose 
program tapes describe 
e command inputs 
part. 
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The present invention prov.des an improved control 
system for physical systems such as machines and processes 
incorporating a stored program digital computer to perform 
control operations in conjunction With the physical system. 
5 The computer performs operations tliat were assigned to special 
purpose circuitry in prior art confcrol systems and the computer 
performs operations that were assifgned to special purpose relay 
logic such as in the prior art machine systems. Special 
purpose interfaces that are used in the prior art are eliminated, 
10 where the computer perf orms-^mos t /oft those prior art interface 
operations under program control/ ani communicates with the 
physical system through an elemental i/riterface. These 
improvements provide) low cost "by ellnunating special purpose 
circuitry, flexibility "by implementing interface operations in 
15 a stored program computer undeir prigr^m control thereby permitting 
ease of modification and improved bar>ability by utilizing the 
computational power of a general -cur-oose /9isrital ccnmiter to provide 
interface operations. / / 

The present invention pre vides an improved and simplified 
20 electronic data processing system which performs the necessary 
data processing functions aW least as well as prior art 
non-computerized systems but whicp, because of its simplicity 
and inexpensive cost, is suitable for use in applications for 
which, because of economic /reasons , the benefits of electronic 
25 data processing systems were previously unavailable. In 
particular, this invention presents a simple, inexpensive 
system and method to provide computerized capability for 
numerical control applications. It should be understood that 
any reference to such aj numerical control system is intended 
30 to include any system therein digital data processing capability 
is provided for control of a physical system such as a machine 
or a process. The particular system discussed herein is one 
class of such devices. 
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The orior art controls and ^interfaces are relatively 
larse devices that are often contained in a large cabinet 
that is set apart from the machine and machine interface. 
The machine interface is typically cfomposed of magnetic 
relays which perform computational operations to process and 
execute the commands from the control system. 

In a preferred embodiment/ of the present invention, 
the machine interface relays used/ fo^ computational operations 

sor under program 


which can be performed in the/da 
control are eliminated. Certai 


relays jbhat are used as 
gnals, such as for 
liminated with computer 
ents are still 
invention it is 

erformed with the 
perform all machine 
Therefore, some 
s may be" performed 


thi 


=ratic 


"amolif iers " to provide high power 

motor excitation, obviously can't be 

processing, where such relays or the 

required in the system. To practic 
15 required that machine control/ opera! 

data processor, but it is nojt neces 

control operations with the /data prjD 

or all of the computational/ type ox 

with the data processor. 
20 The terms related to computational operations or 

computational processing used herein are intended to mean 

machine control operation's or processing, timing, sequencing, 

and logical operations. 

The terms "disqfrete " and "static" such as with discrete 
25 machine control operations and static machine control operations 

are used to define whayb may also be termed on-off type 

operations. These terms may be contrasted to contouring 

operations which can /be termed "dynamic" operations. 
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25 


In one embodiment, the interface electronics shown 
in Figs. 5 and 6 can be physically mounted in the machine 
subsystem, apart from the control subsystem. In another 
embodiment, portions of* the interface electronics shown in 
Figs. 5 and 6, particularly the C-Register 560 and 670, can 
be physically mounted in the machi'ne subsystem, apart from 
the control subsystem. 

The machine interface s/iowj^-i~n Fis>s . 5 and 6 and 
described herein can be partitioned , where/the machine inter- 
face electronics can be ^ph-ysicdlly cor t 
alternately in machine mounted^ module 
The terms interface/ inte^a. 
relate to the computer I/O structure, 1 


tned in a pendent or 


embly, and IFA 
machiine interface and 


various auxiliary. devices. / Th 


is inter 


rfacef assembly is not an 


interface in the. prior art/ terminology, /but is an elemental 
interface. It may be conMdered^feo be'' a distributed collection 
of communications devices such as the computer I/O and interface 
registers. This elemenl/al interface operates in an on-line 
manner, dependent on co/nputer-ac tion , operating with computer 
intrinsic signals, and / performing its operations in response 
to the computer stored program operations. 

The interfac/e assembly (IFA-1, IFA-2 , and IFA-3) is 
lot an interface in /the conventional sense but constitutes a 
distributed group ojt circuits that are normally associated 
with the data processor and the various system entities. The 
interface assembly also performs the operation of signal 
distribution between the data processor and various system 
extremities . 
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The IFA-1 printed circuit board is shown in Fig. 5A 
and contains logic urates 550, 551.1552, and. 553 providing 
inout/outnut circuits. The IFA-l/ board accepts input and 
outout type instruction micro-o'peuation signals as well as 
address signals to encode or decooe the various inputs and 
outputs. The input and output wo/rds are exchanged with the 
A-Register in the data processo r / 1 12 , discussed in the referenced 
application. Data Processing Sysfeem. The input words (IV/) 
are multiplexed by logic gates 353 into signal PiOS which is 
inout to the A-Register. Information is output from the 


A-Register to the various syste/m ex1; 
the extremities to the A-Regis 
clocking a selected extremi tv^tfi th 
determined by logic gates^552 ./ Disc 
into discrete inout signal Pl$5 "by 
outouts are decoded/and gated/ by 1 
operation signal /FAH providing the 


V 


remities by connecting 
signal A Q and 
gateV] clock P10U- as 
rete /inputs are multiplexed 
ogi/: gates 550. Discrete 
;ates 551 with micro- 
lg. The discrete input 

cision instructions 

selected with a 
flip-flops I 1# 
hes which are 
DO-4 through DO-8 . 


l sere te 


ided whe 


signals are accessed with sk 
A short negativ/e going pulse 
20 discrete output instruction 

I 2 , I3. and I4 perform the <ipe 
toggled or set with the disjbri 

The li flip-flop is used tJ^directly' provide a Scratch Pad 
Memory paging operation. Outputs from the flip flops I 2 t I 3 
25 and are fed back to the computer 112 as discrete inputs. 

The signals P5O-P61. are d/ecoded operand addressed from the 
data processor 112 . 

The G-Register /56O is loaded with the A Q Q signal 
from the computer A-Register when clocked with the OW-8 
30 gated clock pulse to synchronize this data transfer. The 

G-Res-ister output sigr/als C15Q-C6Q are then used to control 
operations such as machine interface operations. The C 


Register illustrates 
detail hereafter, wh< 


the "data pipe" concept discussed in 
re the G-Register may be extended 
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without limi-t such as shown in Fid. 6 as the C-Register 
extension (C31-C16) 670. The computer 112 packs together 
or assembles the discrete commands in the A-Register as 
described hereafter, then outputs/ this packed discrete word 
to the interface register (C) and 670 to command system 

operations. / 

The IFA-2 printed circu'it board is shown in Figs. 53 and 
i-in of /ir 


and provides for the scan- 


input words "zero" 


"three", and "four" to convert /the parallel input lines to 
a serial input that can be processed with the input word 
multiplexer 553 on the IFA-1 card. Logic 5^2 scans control 
panel selector switch signals /into input word -0, logic 5^4 
scans non-adapted machine condition signals into input word-3 


and logic 566 scans rudimentapy 

15 signals into input word p& . /Th 
flip-flops Z-^i througb/Z aa 


intrinsic tape reader input 

e Z-Reg/ster 568 includes 

tic register loaded with 


/ 

outputs during the shift fma 
the flip-flops in this reHs 

.Til 1~ ^ i ^ J-,J,_.pJ 


output word -7 for system d^'scret^e interface commands. It 
should be noted that this rpgi/^'ter does not have ambiguous 

Sue to/selective clocking of 
Ls/fcer . 

The machine inte'r,fs(ce a/rangement and logic, illustrated 
in Fig. 5C with logic gatts 1 5^'i packs a plurality of machine 
feedback signals SO thro/ugh 311 into computer input v/ord -3 
(IV/- 3) 510. The computer 112 unpacks these signals under 
25 program control, as described hereafter. The manual machine 
controls SI, S2 , and si provide the computer with operator 
commands from machine /mounted switches which may be on a machine 
control panel 11^+ or /a pendant control panel hanging from a 
machine overhead structure. These operator controls may be 
30 mounted on the machine to give the operator the capability to 
command operations /whi le he is close to the machine such as 
for set-up operations. 
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The machine signals through S7 relate "to feedback 

from the machine. The cycle complete /signal 37 can be used for 
a turret or a spindle condition for automatically controlling 
machine operations. The machine cycle complete signal is a 

generalized machine cycle signal useci to detect machine conditions 
such as the. machine spindle stop co/idition described hereafter. The 
machine limit switches 38 through £ll are used by the computer to 
detect whether the machine has exceeded the physical translational 
dimensions, causing the computer /to take the required action such 
as entering a slide hold condito/on to stop machine translation. 

The scan-in logic 562/, 56^» and 566 provides serial data 


inputs to the computer 
multiplexer, which mul 
sequential bit time si 

15 sequence of input cond 
from scan-in logic 562 
instruction is execute 
with IW logic gates 55 
A-Register with the in 

20 conditions such as the 
logic 5^4 constitute 
a word with the scan- 



scan-in logic acts as a 
input conditions with the 
the computer to provide a 
ith.IW-0, IV/- 3, and' 1^4 
respectively. When an EX 
ing IW signal is selected 
iriput word into the 

The system inout 
0-S11 from scan-in 
nditions assembled into 
ing into the A-Register. 


The IFA-3 printed circuit board is shown in Fig. 6 
and provides an extension of the C-Register (C^ "through G i6^ 
25 to perform auxiliary operations such as to excite the turret decode 
logic for machine/ turret select 681. Logic gates 672 provide the 
input gating andr logical functions associated with the momentary 
switch logic conditions from the control panel 114 and multiplex 
those conditions into input word -1. Special gating is also 
30 provided foiK computer interrupts. The servo lockup signal 690 is 
used to disable the machine drives when a detrimental condition 
is sensed/ 
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Control of a machine turret s'uch as for "tool change will 
now "be described with reference to FigaL 5 and 6. When the 
computer 112 receives a turret change /command such as from tape 
reader 116 , the computer will test the system conditions as interlocks 
5 such as limit switch signals S8-S11 with scan-in logic $6U> and 

will proceed with the turret change /if the] interlocks are properly 
set. The computer will then determxne "thW required code for the 
commanded turret position, pack t^is cody into the discrete 
command word in the A-Register, then output this command word 
10 to the C-Register 5^0 and 670. /The tjur^et command will be stored 
in the G31, C30, and C29 stages/ of the /C-Regis^er 670 to excite 
the turret select decode logic/680, to/ select the desired turret 
output line (TS-0 through T3-7 ) 681 . /The machine turret motor 
will drive until the appropriate mach.ne position switch is 
15 actuated, thereby switching /off the selected drive signal 681 and 
stopping the turret at the /selected/position. The computer 112 
will monitor the turret cyple complete signal S7 with scan-in 
logic 56^ such as for an a/nter/iock to disable other machine commands 
until the turret cycle is/ complete. 
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In a preferred embodiment, an interface register such 

■\ 

as the C-Register 560 and 670 may be physically located in 
the machine subsystem. In one embodiment, the control subsystem 
is physically separate from the machine subsystem and connected 
to the machine subsystem by cables. 

communicated between the control subsystem and the interface 
electronics in the machine subsystem in serial data form over 
the interconnecting cables, thereby reducing the cabling over 
that of a prior art control sys tem]\that \is e s parallel data 


The interface data is 


communicated through the cables, 
various operations are performed 
the control subsystem and multipl 

126A, 126B is communicated to reduce interconnections to the 
machine subsystem 12*4-. Multiplexing and demultiplexing may be 


ifs embodiment, the 
program control in 
"~o~r packed ferial data 


the primary operations performe 
serial-to-parallel and paralleUtc 
operations that may be performed 


known power drives for output signals and line receivers for 


the machine in the form of 
serial conversions. Secondary 
n the machine include well 


V 1 


itioning with logic and 


input signals. This physical Ipari^ 

computational operations performed in the control and with 
drive, receiving, and parallel/serial conversion operations 
performed in the machine has/ particular advantages over prior 
art systems, such as for reyduced cabling and increased 
reliability. 

The interface described herein is not limited to a 
machine interface, but can provide similar advantages when 
used with other arrangements such as the operator panel 114 
and 118 described in depail in the parent applications. 
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y.y Switch Control 

Machine conditions are usually provided -to the 
ontrol subsystem with switch type devices as discrete 
nouts such as signals 1263 as shown in Fyigs. 1A and 5C 
These switch type devices may he operatoi 

toggle switches , selector switches and n/omentary sv/itches ; machine 
t limit switches; relay contacts and otheyr well known switch devices 
These switch devices are discussed herein as a group of switch 
devices and as a distributed switch subsystem which may include 
distributed groups of switches on the/ control panel 11^4- , the 
f machine 124, and on other subsystems^ 

The switch subsystem may b/e an elemental extremity for 
I* the preferred embodiment of this invention; wherein the switch 

subsystem does not provide for the /usual- interface operations such 
as elimination of switch bounce, which may be performed by the 
data processor 112 in response to the stored program contained 

Thi~ cv/itch subsystem is proc az^cr 
dependent and requires data processor coaction for operation. 

The data processor IlyS provides processing and signal 
translating capability, yielding versatility and low cost. 
The switch subsystem is a processor dependent extremity that 
is elemental in form and con/municates with the data processor, 
112 in signal formats intrinsic to the switch subsystem. 
Operative dispersion is us£d to fulfill system requirements 
including signal translation and communication ; 
where the data processor II 12 processes the data in a time 
format intrinsic to the /elemental switch subsystem. 

This elementaly switch subsystem may be a part of a 
factored computer system 110, wherein the prime functions 
have been factored an^L separated from this switch subsystem 
Trie iaciorea prime functions oi the swixcr. subsystem may 
be redundant, where fthese prime functions can be performed 
by the data processor 112. The data processor 112 is considered 
to be in a non-rediindant , irreducible form. Factored prime 
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f unc tions of "the switch subsystem! that are redundant are 
eliminated in the switch subsystem and performed with the 
data processor 112, thereby reducing the hardware associated 
with the switch means and providing a minimal structured or 
5 elemental switch subsystem, dependent on this operational 
dispersion of the data processor 112 in the performance 
of the switch control operation^ . This system 110 
may also be considered an integrated computer system, 
wherein the factored prime functions that are merged into 

10 the data processor causes an overlapping of switch subsystem 
functions as if the data processor and switch subsystems were 
inte^ratfid together. For exaincKLe , the elimination of switch 
bounce is associated/with the switch subsystem, 
but is performed by ( the data/ processor 112. Switch control 

15 operations have been assumed Qyj or integrated into* the data 
processor ii£, where these switch siiutaskb arb perfonriod 
by the data processor 112 With / the/ resultant elimination of 
switch circuitry. / \/ 

The elemental swaJtcryf subsystem has a passive nature, 

20 where switch control operation is dependent on data processor 
coaction to actively prov/ide switch functions. This passivity 
results from the factoring and reduction of redundant prime 
functions. As an examplfe of this passivity, the activation 
of a switch such as the /mode selector switch 2^0 will have 

25 no effect on the system/ except through the data processor 
under program control. / 

The data processor 112 communicates with the elemental 
switch subsystem in/a signal form intrinsic to the elemental 
swltc;'*. subsystem imc. accept— "bis tc tl.s Lz.*zz. ~-ZC~~~zzr 112. 
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These intrinsic signal forms are rudimentary signals comprising 
ambiguous portions such as switch bounce in addition to the 
data portions such as the switch cc ndition. 

The general purpose naturi of the data processor 
is thus extended to the elemental /switch extremity. A change 
can often "be made in the operation of this elemental switch 
device with merely a change in the stored program of the data 
processor, eliminating the requirement for a major redesign 
in the switch subsystem. The co[ndiitiqns sensed 
10 by the switches can be redefine dfmere ly by changing the data 

processor stored program, such £s described for the parameter 

selector switch 2^4-2 in the numerical control syste-r; for both 
a milling machine and a lathe./ For a milling machine, the 
assignments can be X Axis 227,/ 'Y\ Axis 226, Z Axis 225, 3 Axis 
15 224, Sequence Number 223, Spr^idTfe Speed 222, I Arc Center 22£ 
J Arc Center , K Arc /Cente/r £f3c-» w Command 231, Q Command 


sol 


Con 


dajb 
thi 


Of: 


29S, Feedrate 237. Fe 
2*4-3, and spare 221. 
X Axis 22*7 Z A~i^? 22 
20 Turret Select 223, To 
K Arc Center 229. M 
Feedrate Override 2 37 
selector switch assig: 
can be defined under 
25 become obvious that 

identification and control 
extends to the other s/^itch 


239, Cutter Compensation 
assignments can be 
■Hn.ber 22^, S^ir.i.l? ^r?*?"^. ?? iL , 
, I Arc Center 228, 
Command 231, Feedrate 298, 
21, 239, and 2*4-3- These 
changed and the execution 
1 program control. It will 
Y in defining switch 
s under program control 
as the .machine condition 
bed with the following "example" for 
ommands hereafter. 


30 


switches, as will be 
the numerical c ontro 

The use of several switch controls and lamp displays 
provided for in the /panel design, will permit CNC operation to 
be controlled from /the panel. Use of the control panel li4 to 
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15 


25 


30 


process "the internally stored o^rts program blocks of 
commands is presented in the previously referenced appli- 
cation, Factored Data Processing System for Dedicated 
Applications; particularly page 21 lines 12 through 16 
and other descriptions therein/. 

The operation of one embodiment of the panel CNC 
operations, shown in Fig. 2, vSrill next be described. The 
switches that control the CNC/ operation are the CNC Source 
Select switch 280 and the CNa Mode switch 282. Lamp displays 
may be used to define the CNC modes. In one embodiment, these 
are the CNC lamp 270, the Execute lamp 272, the Edit lamp 27^, 
the Delete lamp 276, and thjfe Record lamp 278. Activation of 
the CNC Source switch 280 . i^i^T^'aler^ the data processor to an 


operator command to change/ the\souro'e of parts program commands 
The data processor 112 wilp. alternately toggle the CNC lamp 

off state, then to the on state 


270 to the on state, then /to the 

and so forth in response /to each 

Select switch 280, alternately s 

memory and the tape reader as so 


activation of the CNC Source 
ilecting/the parts program 
urces of parts program commands. 


20 When the CNC lamp 270 is illuminated^ the system is in the CNC 


condition; where the dajba processor will operate on the parts 
program commands stored) in the parts program memory. When the 
CNC lamp 270 is extinguished, the system is in the Tape condition 
where the data processor will operate on the parts program 
entered through the tsJpe reader 116. 

The flexibility in defining the operation of the control 
panel switches and thfe display panel lamps with the data 
processor under program control is described in the parent 
application. Factored Data Processing System For Dedicated 
Application; particuflarly page 4 lines 29 through 30, page 5 
lines 1 through 6, page 29 lines 1 through 17. page 19 line 
2b through 28 and o/ther descriptions therein. 
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30 


In one embodiment of* CNC openition, the lamp displays 
118 are used to define system conditions. One of the CNC 
mode lamps 272, 274, 276, and 278 wi:.l be illuminated to define 


which of the four CNC modes has been 
switch 282 will permit the operator 
through the modes until the CNC mo 


selected. The CNC Mode 

o sequence the system 

that is displayed satisfies 


the operator. Each depression of trie CNC Mode switch 282 by' 
the operator will cause the CNC Modp lamp that is illuminated 
to be extinguished and will cause t/he next CNC Mode lamp in 
sequence that is extinguished to b€& illuminated. Each depression 
of the CNC Mode switch 282 will cause the next one and only 
that one CNC mode lamp to be illu^mLnated in the sequence of 


first the Execute lamp 272, ne: 
Delete lamp 276, next the Record/ 
Execute lamp 272. / 

The control panel has th^ 
plurality of momemtary switches 
selector switches; a Mode swit/ 


EMit lamp 274, next the 
1/amp .2 78 t and then back to the 

selector switches and a 

[jm in Fig. 2. The three 
240, a /og switch 24l , and a 


Parameter switch 242 ;. are mul^i/ple position rotary selector 
switches. The remaining swil^c^ies are momentary switches which 
maintain contact only so lonk ^.s^/they are held down. Because 
hardwiring of switch controls lis avoided by having intermediary 
output words communicated tb and interpreted by the data 
processor 112, the number ybf selector switches as well as the 
number of contacts on each selector switch can be easily varied 
to meet the requirements/ of a specific application. 

Several alternates embodiments of the switch subsystem 
are presented for illustration. Machine switch signals 126B are 
shown as directly interrogated by the data processor in Fig. 5C, 
where switch signals /SO through Sll 126B are accessed with an 
EX- 3 instruction thnbugh scan-in logic 564 on signal line IW-3, 
pin 49. These switch signals are rudimentary signals containing 
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5 representing inputs from 
:h M2 553 representing 


the switch bounce characteristics 4 nd are noi; logically 
^reprocessed. Selector switches 2^40, 24l , and 2^-2 on the 
control panel 114 provide input signals which are shown in 
Fig. 5'3 as signals PO through P3 5 
the parameter switch 2^2, MO throu? 

inputs from the mode switch 240, a.Ad JO through J2 55^ 
reoresenting inputs from the jog switch 2^1 ; accessed by the 
data processor 112 with an EX-O instruction through scan-in 
logic 562 on signal line IW-O, pih ^5 • These selector switch 
10 signals are rudimentary signals containing the switch bounc 
characteristic but are encoded t<£ reduce interconnections 
Momentary switches such as with Ithe cycle start switch 2^-6 on 
the control panel 11*4- are showrfJas interrogated by the data 
processor in Fig. 6, where/swi t<f In inpuj/ signals SA through 
15 SE 622 are accessed with ^an EX-/L instruction through 
scan-in losic 672 on signal lir/e y 

IW-l, pin 56. These momentary I swiitch signals may have logical 
preprocessing to remove switch /bou 
provide buffering. In the preceri 
20 interrogation of the rudimentary 

described previously for the machine switch signals SO through 
Sll 126B is used. All switci-y sighals will herein be considered 
to be unprocessed rudimentary switch signals as with that 
preferred embodiment. 
25 Switches are will kfaown input devices and can take many 

forms such as momentary switches, rotary switches, relays, and 
others. Also, other inputr devices provide input conditions that 
can be processed as described herein for switches such as with 
a typewriter and an electromechanical punched tape reader. 
30 The data processor under program control loads a 


unce, provide encoding, and 
red embodiment, the direct 
switch signals such as 


digital word 126B compri 
processes those switch s . 


ing rudimentary switch signals and 
gnals to obtain appropriate switch 


information. Various trinsitionary conditions such as 


-176- 


electrical noise, switch bounce, 


and other such effects can 


cause erroneous switch information. Therefore, an embodiment 
is shown which requires that the transient nature of the 
switch condition stabilize before the switch command is executed. 
This is achieved by providing for multiple samples by the 
data processor 112 with a presc/ri-b^^^gLeriod between samples. 
The occurance of a number of sequential samples where the 
samples compare is required p^riorj to executing the operation 
commanded by that switch. 


The description of panel 


puter including switch sampling, switch processing and lamp commands 


o/per 


performed with a corn- 


discrete output commands provides 
d with^the machine interface 
be/obvious to those skilled in 


using discrete input samples and 
an arrangement similar to that us 
discrete conditions. It iyill now 
the art that this description of^panel operations is similar to 
machine operations with discrete condition processing and is 
intended to illustrate machine interface operations. 

One embodiment pf the data processor stored program 
operations that can be /used to process rudimentary switch inputs 
is described hereafter in conjunction with Fig. 8C. 



15 


25-' 


30 


then -transfers -to "the 
ry "to perform "the computations 


Mach ine Interface Operations 

The data processor 112 execuftes an executive routine 
to control program operations and prjovide for time sharing 
with program subroutines. The data /processor detects inputs and 
conditions with the executive rout 
various program subroutines necess 

and generate the outputs. The datd processor can execute 
programs on a time shared basis by / branching out of subroutines 
such as on a sequential, interrup-tf, or priority basis in a manner 
well known in the art. For simplicity of description, relatively 
complex program operations such afs time sharing operations are 
not shown in the flow diagrams in Fig. 8; but will become 
obvious to those skilled in the /art. 

The data processor stfcred program operation will 
be described hereafter. The d^fta processor 112 is responsive 
to a stored program contained hsfi main memory 130 to provide 
this processing capability. 
112 is controlled by ■ the e> 
subroutines to be executed , det the v 
routines, define the timing, /and otrje 
operations. The executive rputine £pC 
processor to periodically t*st the 


= xecLtive Routine 80 

-1 <J -+- •+- V-, /-^ — raw-rrv t 


'of the data processor 
30 to access 
of these sub- 


- er such/well-knov/n 
100 controls the data 
rea^/ time parameter in 
operation 802 to determine /if it is* ytime to enter one of the 
real time subroutines; wheJre the r,eal time parameter may be 
derived from a real time alock, a program timer in the executive 
routine 800, or other well/l known means and methods for deriving 
this parameter. In one Embodiment, this timer may be implicit 
in the stored program, Where a transfer to the appropriate 
subroutine is provided fefter a certain number of instructions 
have been executed, thereby implying the required real time 
period. If the required periods have not expired, the data 
.processor will return/ to the executive routine along path 80*4-. 
If one of the required periods has expired to within the 


'A 
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required -tolerance, "the data processor] will preserve -the return 
address and other parameters for reentfry to the executive routine 
300 and perform other required housekeeping functions in operation 
808, then the data processor will en-yer the subroutine 810 along; 
5 path 509 to perform the required program operations. The data 
processor will exit the subroutine ©y fetching the return 
address preserved in operation 808/, then transferring back 
to the executive routine 800 along/path 812. 

The data processor may process the subroutines in an 

10 iterative manner, where the data /processor repetitively enters 
the subroutine to perform a part/ of the programmed operations, 
then exits the subroutine. The /data « processor may successively 
enter, then process, then exi^-raie"" subroutine providing the 
iterative characteristic. / 11/ 

15 Fig. 8_B shows a/progrim flo-w diagram to illustrate 

one embodiment of machine corybrai ptfogram operations. This 
illustrated operation controls tTre^Ts pi ncD*e and is typical of 
the other discrete control operations. / 

The data processor responds to/the real time executive 

20 routine to provide entry to the rryach£ne control routine along 
path 809 as previously described/ and iteratively executes this 
routine to perform the required /machine control operations. 
The data processor tests /for a /new spindle command in operation 
8l6 such as from a par ts /program input or operator command 

25 input. If there is a new spindle command, the data processor 

will follow path 8l8 to /operation 820, where the data processor 
will load the new commands and set the Kl condition to identify 
a spindle processing operation for subsequent iterations. The 
data processor will ne/xt test the input command to determine 

30 if it is a spindle stdp command (M05) in operation 822. If it 
is a spindle stop command, the data processor will branch along 
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15 


25 


30 


set the K2 and K3 conditions to 
ndition for subsequent iterations, 
the routine along paths 828 

(M05) is not detected in 
will branch along path 827 


path 824 to operation 826 and will 
identify a spindle stop command c 
The data processor will next exit 
and 812, as previously described 

If a spindle stop command 
operation 822, the data processor 
to operation 828 to test for a spjindle direction command (1/103 
or F.'I04), indicative of a change in spindle direction; which 
would require bringing the spindle to a stop, then accelerating 

the spindle in the other direction. If a new spindle direction 

l 

is commanded, the data processojr^jwAl^l branch along the path 830 
to operation 832 and set t, 
the spindle to first c 
up to speed in the orher direc 
then exit the rovytine along pa^h: 
described. / 

If a spindle direction coimmand 



ondajtion, which will command 
o|mp]^te stop before accelerating 
The data processor will 
34 and 812, as previously 


328, the data Processor will 


|s not detected in operation 
ch alcyhg path 836 to operation 


838 to calculate the required time de/Lay for the spindle to 
accelerate from the prior speed go the new speed. It should 
be noted that the K2 condition ijs /not set because it is not 
necessary to bring the spinj&le tfo x a complete halt to change 
between spindle speeds in |he same spindle direction. The data 
processor will next exit ojperation 838 to test for the various 
interlocks in operation 83I9 prior to changing the spindle speed. 
If any of the interlocks are set, the data processor will branch/ 
along path 842 to operation 844 to perform the required operations 
associated with interlocks such as disabling system operations. 
These operations can include setting the slide hold condition 
to preclude machine motion, setting a lamp indicator to alert 
the operator to this interlock condition, and other such 
conditions . The data processor will then exit the subroutine 


-180- 


% 

along path 8^5 and 812 as previousiy discussed. If nc interlocks are 
detected in operation 839, the data, processor will "branch along 
path 846 to operation 840 to start/ a time delay 
to permit the spindle to change steeds, then will output the 
5 interface commands to the interface register to command the 

spindle and then will exit the routine along paths 84i and 8 12 
as previously described. / 

On subsequent iterations/, the presence of additional 
spindle commands will be tested /in operation 816. If there 

10 are no new spindle commands, the data processor will branch 

along path 348 to operation 8 5£f~^P~-<tes't for the spindle processing 
condition (Kl) to determirie^if /a spi\idle command is in the - 
process of being executed. IS the Kl condition is set indicating 
that a spindle comma'nd is being processed, the data processor 

15 will branch along ypath 851 to operation 852 to test for the 
requirement to bring the spirtdie — tox a stop. As previously 
described, the K2 condition/is /set Ao bring the spindle to a 
stop by either a spindle s-yop command (M05) as detected in 
operation 822 or a spindle/ ditfeexion change (M03 or M04) as 

20 detected in operation 828 J eafch of which will set the K2 condition. 
If the K2 condition is seft, /the data processor will branch along 
path 854 to operation 85p tyb input the machine interface 
conditions as a packed discrete word, then to unpack the spindle 
stop condition bit such/ as the S4 or 37 condition bits shown 

25 in'jFig.. 5G, then to determine whether the spindle is stopped. 

The spindle stopped condition is tested in operation 858, where 
operation will branch/ along path 860 to operation 862 if the 
spindle is still running. In operation 862, the data processor 
will command the spiiidle to stop by fetching the interface 

30 command word from memory and packing a spindle stop condition 
bit into the appropriate bit position, then outputting this 
command word to thfe interface register as previously described. 
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The data -processor will then "branch along paths 8 64 and 8 12 to 
exit the subroutine as previously described. The data processor 
will continue to iterate through this path under control of the 
real time executive routine until the spindle has stopped, as 
detected in operation 858, causing /the data processor to branch 
along path 366 to operation 868 to /test for the K3 condition. 
The K3 condition was set in operation 826 for a spindle stop 
command (K05), where the detection/ of a spindle stop condition 
in operation 868 will cause the dafta processor to branch along 
path 870 to operation 872 to resell the Kl , K2 , and K3 conditions 
that set the program logic for stepping the spindle, indicative 
of the completion of this spindle/ stop command. Operation will 


then branch along paths 874 and 
If the K3 condition was 
15 data processor will branch aiona 
reset the K2 condition, indicatf 
to a stop. Because the cond 


12 to exit the subroutine. 

t in operation S68, the 
76 to operation 873 to 
the spindle having come 
n was not set, the spindle 


was stopped only to permit rev^/sal of the spindle direction. 
The spindle must now be accele/iakied_^up to speed in the commanded 
direction. The data processor/will ^ranch to operation 838 to 
calculate the time delay, th^ry branch to operation S39 to test 
for the interlocks, and ther/ pran/h to operations QU>h- or 8^0 
to either interlock operatiybr/ or command the spindle to the new 


25 


30 


speed, respectively, as previously discussed. 

On subsequent iterations, the requirement to accelerate 
the spindle to the new sp/eed is detected in operation 852 with 
the K2 condition, causing the data processor to branch along 
oath 875 to operation 876 to test the time delay condition to 
determine if the time d/elay has expired for the spindle to 
accelerate to speed. tf the time delay has not expired, the 
data processor will branch along path 877 and 8l2 to exit the 
routine. On subsequent iterations, the data processor will 
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continue to test for the time delay 'in operation S76 until the 
time delay has expired, then .will "branch alone: path 878 to 
• operation 879, v/here the Kl condition will be reset, indicative 
of the completion of the execution /of the spindle commands. 
5 The data processor will then brancn along paths "880 and 8 12 to 
exit the subroutine. 

On subsequent iterations, Ithe completion of the execution 
of spindle commands will be detected in operations 850 with the 
Kl condition, which will cause the data processor to branch along 
10 paths 881 and 812 to exit the rouftine . This path v/ill be 

followed on subsequent iterations until new spindle commands 


are input, as detected in operatj 

Many important inventive 
flow diagram of Fig. 8B. /One if 


n S16. 

features are embodied in the 
tan t feature is the closed 


15 loop operation of the data prod&ssor 112 and the machine 124, 

illustrated herein wit^i the sensing of the spindle stop condition 
. bit as described in operation/ 85p and the^ continued iterations 
through the program until the* cojnputer detects the spindle stop 


condition. It is inconsequeyhtis 
required for the spindle to/ sto 


as to the duration of time 
because the data orocessor 


v/ill continue to iterate tmrough the program waiting until 
the spindle stop condition/ from the machine is detected. 

Another feature illustrated herein is the open loop 
command of the spindle t</ accelerate up to speed with a data 
25 processor generated time/ delay, the expiration of which is 

indicative of the spindle achieving the speed. The time delay 
is set in operation 840/ and continually tested in operation 876 
as the data processor iterates through this routine. When 
the time delay has expired, the data processor will assume that 
30 the spindle has achieved the commanded speed and exit the time 
delay subroutine path/ 877 as described. 
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trated is -the optimization 


15 


Still another feature illujs 
of time delays associated with spi/ndle operations to minimize 
the time required to execute spindle commands. This optimization 
of time delays is accomplished w^fth special logic that eliminates 
excessive or redundant time delays and with special computations 
that minimizes time delays. As/ an alternate embodiment, the 
spindle could be brought to a complete/ stop for each spindle 
command and then accelerated/up to speed,/ providing a simpler 
program than that shown in/Fyg. SB, ^ut /requiring excessive 
spindle time delays such as /For cond/i^fe'ions where a speed change 
is commanded without a direction chjange. The minimization of 
time delays is also achieved by ±hp — data' pr ob>e ssor calculating 
the optimum time delay in /operation 838 rathe/r than using a 
fixed, worse-case time deilay as ys used in/the prior art magnetics 
interface devices . . It will now roecome a-pparent that the time for 


related to the change/ in spind/le ^elocity and the portion of the 

.ndle is on. The data processor 
can calculate the precise time delay required for the commanded 
spindle speed changye as contrasted to the simplified alternatives 
of commanding a wo^rst-worst case time delay for each spindle 
change . 
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The packing and unpacking program operations will now 
be discussed. / 

A packed discrete word may /be considered to be a word 
with a plurality of condition bits/ representing command conditions 
or status conditions. For example/, the data processor can outT>ut 
a discrete packed word with commaAd conditions to an interface 
register to command various discrete machine functions and the 
computer can input a packed discrete word with status conditions 
from an interface register to define various discrete machine 


status conditions. The packi-ng ] 
is performed under program con - 


and unpacking of condition- bits 
■ol and/provides interface 


hardware efficiency. ~LjC should 


pe^ndted that a discrete 
condition may be a single binary /bit either in the one or zero 
state located in a particular /bait position\of a digital word 
15 or may be a plurality of bits/s^t in an aryay of one or zero 
states to define a more compljbx/ condition/ As an example, 
single bit may be sufficient /td control /the spindle on or off 
condition but a plurality of/ sjpindle s'peed bits may be required 
to define the various spindle /speeds that can be commanded. 

Status bits can be /unpacked from an input word by 
logical ANDing or masking the input word with a control word, 
where the control word contains zeros in all of the non-related 
bit positions and ones in/ the related bit positions. The 
resultant masked word comtains only the related conditions. 
25 Next, various program sh/ifting operations are used to arrange 
the bit positions in ~thje word, then various testing and 
processing operations detect the states of these condition 
bits for further processing. 

Command bits /can be packed into an output word by 
30 logical ANDing that Xvord with a first control word; containing 

zeros in the bit positions to be modified to zero set the related 
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"bits in the command word, "then 


word with a second control word to pack command bits into the 


appropriate positions of the c 
word is output to the interfac 
commands and also stored in th 
current machine command condit 
In this manne 


logically ORing that command 


= r, condition "bit 


ommand word. The new command 
€ register to generate machine 
€ computer as a record- of the 
ijons . 

ts can be packed into or 


unpacked from digital words fo 
described herein. Other inter 
10 methods will become obvious to 


the interface arrangement 
ace arrangements and programming 
those skilled in the art. 
Processing of the rudimentary status condition signals 

as switch bounce 



ig. 8C to illustrate 
ition. The real time 
.ten control subroutine 
i the order of a few 
e approximately 

of a proper command, 
r switch occurances 
as for relays 


to eliminate erroneous signal 
will now be described. f 
A program flow diagrai 
15 one embodiment of the switch 
executive routine provides e 
along path 809. Machine res 
tenth seconds so execution o 
every one tenth second will 
20 Other real time periods woul 

faster or slower than machine s/vitchj 
that operate faster than a r^acy 

The data processor /Ll£ wifll enter the switch input 
subroutine through operatiqfn 882, which initializes the algorithm 
25 parameters and loads the n/bw switch input condition. This 

condition may be an encoded condition, a discrete non-encoded 
condition, or other such input . The data processor compares 
this new condition (SN) with the old condition (SO) in operation 
883, where the old condition (SO) was the last prior, sample. 
30 If the old and the new jswitch conditions don't compare, then 
the switch condition h^Ls changed due to an operator action, 
electrical noise or o1/her such cause. Data processor operation 
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then branches along .the non-compare (ST) path 83U- to program 
operation 385 » where the data processor resets the stability 
condition bit ( S2 ) to the unstable state (S2") and preloads 
the stable sample program count parameter ( N ) to a predetermined 
5 count (Nd). This unstable state (32) identifies a change in 
switch condition. The count (No) in the stable sample counter 
defines the number of stable sampl'es required to define a stable 
condition. The data processor will next follow path 886 to 
program operation 887 which stores the various program conditions 

10 and exits to the executive routine along path 812 as previously 
described. / ^ -1— . 

If the old and new sjw-i'-Wch conditions do compare (Si) 
in operation 883, then the^ switch condition has not changed 
from the last prior sample. Data processor operation then 

15 branches along path 888 to program/operation 88 9 where the data 
processor checks to determine/ i f/ ttye s witch condition is a 
stable condition. If the check in/ operation 889 shows that 
an unstable condition ( S2 ) exists J the caata processor branches 
along path 890 to operation /891, where' the data processor 

20 decrements the stable sampli coun/t parameter (N)» indicative 
of the switch condition remainin a/stable for another sample 
period. The data processor the// makes a check in operation 
892 to determine if the stable sample count parameter (N) has 
been decremented down to one, indicating a sufficient number 

25 of stable samples to define a stable condition and to then 

execute the switch commapd . If the stable sample count parameter 
(N) is one, then the data processor branches along path 893 to 
operation 894, where th/e data processor sets the unstable 
condition (S2) to the stable condition (S2) and executes the 

30 switch command. It smould be noted that the data processor 
executes this operation 89^ only once for each change in a 
switch input condition. The data processor then transfers 
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■to operation 887 along path 89 
previously discussed. If the 
in operation 891 has not count 
processor branches along path 
and exits the subroutine as pr 
896 bypasses the operation 89^ 
unstable condition that exists 
period . 

If the check perforrm 
condition exists (S2), where 
had been executed in operati 
branches along path 39? to <j> 
subroutine as previously 
no new switch input to be /proce'ssed 



Its the subroutine as 
ample count parameter (N) 
-ttrspne , then the data 
irectly\to operation 887 
discfiussed. This path 
hereiore , preserves the 
east one more sample 

ration 8/39 shows that a stable 

priori switch command 
Yiepr the data processor 
87 and exits the 
ause there has been 
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The system of th 
applicable to the. control 
machines and processes as 
systems, biological system 
applicability of this systi 
control of an automobile h< 
In reference to ] 
to control an auto in plac< 
control 100 may be mounted 
be characterized by machine 
of machine 124 may be that 
Fig. 1C or may be that of < 
between control 10 and mac 
interconnecting cabel 
Fig. 1a fur 
comprising control A.00 
of elements shown/in Fi 
embodiment for control 
milling machine. As di 
of the system 110 may b 
of the data processor 
enhancing f lexibili ty/. 
reprogramming data pJo< 
elements shown in Fi 
25 for a contact print (nac 
discussed for an autJomobj 


15 


20 


30 
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it invention is generally 
al systems" such as 
d to computational 
e like. The very broad 
e further exemplified for 
it termed "auto", 
control 100 may be used 
ntact print machine, where 
i automobile which. may 
"ie internal configuration 
tact printer as shown in 
3wn automobile . Communication 
may be performed with 

2s the system 110 
L24. The implementation 
scribed herein in an 
;act p)rint machine and a 

the various elements 
under program control 
linimizing interfaces and 
it can be seen that by 
he operation of the 
anged from that discussed 
lling machine to that 


For example operator panel 117 provides control and 
display capability /for interaction with an operator for 
control of auto 12/u Operator panel 117 may be implemented 
as a dashboard having the configuration of well known special 
purpose dashboard arrangements or may be implemented in a 
more generalized ' form as will be discussed with reference to - 
Figs.2A and 2B./ It should be understood that operator panel 117 
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being implemented for a numerical control system as shown 
in Figs. 2A and 2B is equally applicable to use with an 
auto where the shape, layout, legends, and other features 
may readily be adapted 

in accordance with the present 
invention - 

Tape reader 116 may be al punched tape reader or, 
in an alternate embodiment, may bej a magnetic tape reader 
such as a well known magnetic tape cassette. 

Spare I/O channels 128 may provide further control 
operations but, in a preferred errjlpodiment , these channels 


represent an interface to external 


may be connected to syst e ;?r 110 izhr ou\gh well known plug 


connections such as for checkout! c 


./ 


of system 110, or other such puj^p<pyse s . 

Servos 120—122 may be/ufced to control auto 


operations such as for control 
other well known auto operations. 


control may be provided with discrete /signals 126A and 1-2 6 B 


devices 150-162 which 


system 110, calibration 


steering, braking, and 
Disc/rete interface 


erations such as 
her well known auto 
s 126B may be related to 


Discrete commands 126A may cotfitro] 
ignition, transmission, fan, /and 
devices. Discrete feedback ^bigrval 

operations performed by the j tr^LnsmjisGion , engine, and othe 
we 1 1 known auto devices 

Operator panel 1/L7 is shown 


Ln detail in Fic 


2A. 


The operation and configuration of Panel 117 will now be 
discussed for an automotive embodiment of the present 
invention. 

Numeric display 23S is used to communicate with 
an operator in numeric /form and may further be provided with 
alpha-numeric capability using the teachings of the present 
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invention for- numeric displays in conjunction with well 
known alpha-numeric display elements/. Display 233 may be 
a single numeric display as shown irf Fig. 2a or may have a 
plurality of characters for displaying different parameters. 
For simplicity, the present inventi/on is described for a. 
single display 238 having a switchable characteristic with 
selector switch 242 as described flor a numerical control 


Selector switch 242 may jpe used by an operator to 


system. 

select each of a plurality of parameters for display with 
numeric display 238. Selector svjrijich 242 may select 
parameters for display such as v^l^city] or speed, total 
mileage of the vehicle, mileage /fr£>m a /predetermined 
condition, time of day, oil /pre£ sufre , /oil temperature 
engine temperature, fuel level,/ erJgi'ne RPM , and other 
automotive related parameters./ Irj^ a dditi on , selector 
switch 242 may display auxiliary information such as an 
error code related to a malfunction or oj/her condition. 

Keyboard 244, clear/ swi bch 25/0, and enter 
switch 254 may be used for entering information as dis- 
cussed for the numerical con/trol system embodiment. An 
operator may provide a keyboard ijn'put by selecting a 
desired input parameter wit/h selector switch 242 and 
monitoring the display 2384 If the operator desires to 
change the display parameter, he would depress clear 
switch 250 to blank the display, sequentially input the 
desired numbers with keyboard 244, verify that the parameter 
entered is proper using/ display 233, then depress enter 
switch 254 to enter thy4 displayed parameter into the 
computer . 

The purpose of keyboard 244 and related controls 
may be better understood with a specific example. If an 
operator wishes to /command computer 112 to control the 
auto 124 to travel at a specific velocity, the operator would 
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insert tine desired velocity by positioning parameter switch 242 

to a velocity set position then monitor the previous parameter 

stored in the system. If the operator desires to change 

the last velocity set parameter, h^ would depress the clear 

5 switch and verify the blanking of display 238, then he would 

depress the appropriate keys on keyboard 244 to insert the 

desired velocity set parameter su<fch as depressing keys 6 

and for a velocity of 60 miles per hour, then the operator 

would verify the parameter 60 on /display 23S and, if correct, 

10 the operator would then depress enter switch 254 to command 

the computer to enter the new parameter. If the operator 

made an error in entering the parameter , he would again 

depress clear switch 250 and agaiJn attempt to enter a 

proper parameter. When the ope^vajtrGxr desires to use the 

15 speed parameter, he would coiumind th^ computer to ooerate 

( 

in a speed set mode such as by/ d^prafssing momentary 
switch 283. As described here/in/, >£he computer 112 would 
illuminate a speed set lamp 2 3* 4 / i^n response to the operator 
command with switch 283 for f ^ojdback__to the operator that 
the speed set mode had been efn£ered. tf/hen the operator 
again depresses speed set swibfch 283, /the computer 112 
would exit the speed set mode/ and wc/uld extinguish speed 
set lamp 234. Further, the/computer would be responsive to 
other system conditions suck' as discrete feedback 
conditions 116B which may llso be used to exit the speed 
set mode and extinguish 1 atrip 2 34. For example, if the 
computer detects a feedback Signal related to a brake 
command, the computer wou/ld exit the speed set mode and 
would extinguish speed spiz lamp 234. 

Slowing or stepping of the auto may be provided 
by actuating brake commknd signals included in discrete 
output signals 126A in /response to brake command signals. 
A brake command may be/ provided with machine interface 
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ch on a machine ora!;e 
switch that may be 


signals 12 6A .such as from a switjc 
pedal or- may be provided with a 

considered to be on control pandl 114. For example, 
stop switch 256 may be physically mounted in conjunction 
with a brake pedal so that switfch 256 is actuated when 
the brake pedal is depressed. (Therefore, an operator 
input to stop switch 256 would be a foot control and 
would provide a brake command./ The computer 112 would 
interrogate the operator commands and would interpret 
the operator commands for execution. Execution of the 
brake command such as from stop switch 256 would result 
in the computer 112 generating output brake signals such 
as v/ith brake signals 126A. / In still another embodiment, 
a multiposition switch such las ^s.witch 241 may be connected 
to a brake pedal so that Jp^P position of the switch is 
related to the distance/ :hc/t the /brake pedal is depressed. 
The computer 112 woulcl interrelate and interpret the 
position of switch 241 to /dete rmin e the position of the 
brake pedal as being indi^ati^e of which of a plurality 
of braking conditions was/ commanded/ This plurality of 
braking conditions might /include sf non-brake position and 
a plurality of different /magnitude braking conditions from 
slow deceleration to rapjLd deceleration . Still further, a 
brake pedal might be correctable to an analog pickoff such 
as a potentiometer or r<£ solver which could provide feedback 
to the computer either /directly as discussed in the parent 
patent applications or^with a well known analog- to-digital 
converter. The computer receives the input brake signal ■ 
related to the analog /pickoff condition and commands 
deceleration operatioh in response thereto. 

Direction /Control is usually provided with a 
steering wheel providing a directional input to a steering 
mechanism. The syaftem of the present invention provides for 
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directional control such as in donj unction with a. servo 120 


operating in response to co;n;;ianc 
control machine direction. In 


embodiment of the present invention, directional control is 


from computer 112 to 
he numerical control 


10 


15 


provided by commanding relative 
of axes. In an automotive embod 
would receive a direction oomman 
or as an automatic input and wou 
that may be servo positio 
mechanism of the auto. I 
provided with a keyboard 
switches such as discusse 
or with an analog pickof f 
other steering input devi' 
receives the information 
signals from control pane 
Further, an analog pickof 
in the parent application 
processor or using well known] 
20 The data processor cont 
to input steering signa 
override the input stee 
system conditions such 
input to provide radial 
rate such as a function 
an auto velocity par ame 
L. amp s 2 3 3 rn ay 
to various vehicle cond 
well known automobile 1 
high temperature, gener 
operator feedback condi 
for generating a signa! 
directly wired to an in- 
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30 


velocities of a plurality 
iraent, computer processor 112 
i signal from an operator 
Ld generate output commands 
ds to drive the steering 
on commands may be 
al input, v/ith slew 

ations using 1 switches 252 
a steering column, or 
ital input, computer 112 
cribed for input 
iine^ feedback signals 126B- 
fee^dback as discussed 
feedback to the data 
-digital converters, 
srvo 120 in response 

the computer may 
a function of other 
to an accelerome ter 
imitations on turning 
Locity or in response to 
licle conditions. 
3r feedback in response 
performed with the 
for low oil pressure, 
and further including 

art devices, a sensor 
displayed condition is 
In the system of the 
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« ' The system of "the present invention has broad applicability 
to control of physical systems. In a preferred embodiment, control 
of a high registration contact print machine and a machine tool 
have been described in detail to exemplify the present invention. 
5 Still further, an automobile control embodiment has been described 
to illustrate another application of the present invention. 
The broad scope of the present invention will be further illustrated 
with an embodiment that may be used in a home or other building. 

System 110 may be used by a businessman or home occupant 
10 to control machines commonly found in a business establishment or in 
a home. In a business establishment, machine 124 may be a dictating 
machine, a limited access control, an elevator control, or other 
well known machines contained in the business establishment. In 
a home embodiment, machine 124 may be a washing machine, a dryer, 
15 an oven, a refrigerator, a dishwasher, a television, an alarm 

such as a fire alarm or burglar alarm, or other well known machines 
common in homes. The system of the present invention may be used to 
control a single machine or a combination of machines to perform 
their respective operation. In a preferred embodiment, system 110 
20 has been described for controlling a plurality of operations 

associated with a single machine. In other embodiments, system 110 
may control a plurality of operations associated with more than 
one machine which may include different types of machines. 

The system has been described for a particular group 
2*5 of extremities or peripherals such as devices 150-158, 114, and 118 
for a machine control system embodiment. Other extremities or 
peripherals may be used with the system 110 to adapt this system 
to the particular requirements of the application. For example, 
CRT 158 may be a well known television set controlled to provide 
30 alphanumeric messages or graphic displays under control of 

system 110. Further, the peripherals or extremities discussed 
in detail for system 110 above may be adapted to the requirements 
of the particular application. For example, operator panel 117 

£7 




has been described in an embodiment for a machine control system 
and the versatility of this panel configuration has been 
described for general applications where the switches and displays 
are under control of a data processor operating under program 
5 control. Therefore, the operation of each element on panel 117 
may be adapted to a particular application primarily by reO 
programming the data processor. Further, the legends associated 
with each switch and display may be changed and the layout of the 
panel may be changed to meet the requirements of a particular 

10 application using techniques well known in the art. For example, 

legends may be provided with silk screen or photographic processes, 
switches may be relocated by changing the well known printed circuit 
board or wire bundle interconnections on the panel back plane in 
conjunction with providing mounting holes in different portions of 

15 the panel, and displays may be added or removed and may be located 
in different areas of the panel as required by the particular 
application, implemented by using the teachings of the present 
invention. Further, the panel 117 is exemplary of a generalized 
input and output arrangement, where the switches may be operater 

20 actuable with a hand such as for the embodiment shown in Fig. 2A, 
by a foot such as with an automobile brake pedal, or with other 
actuation arrangements. Further, the arrangement discussed for 
lamp displays 233 and numeric displays 238 can similarly be used 
to control other devices such as machine actuators, automobile 

25 headlights, and other well known devices. 


diagrams shown in Figs. 3A-3E may control different modes of 
operation. For example? keyboard subroutine 326 may be used to 
permit an operator to manually enter commands for many different 
30 types of machines or other systems; block subroutine 328 may be 
used to permit an operator to control a machine or other system 
in a semi-automatic manner; continuous subroutine 330 may permit 
an operator to control a machine or other system in an automatic 


The mode control logic discussed with reference to flow 
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manner; and index subroutine 332 may "be used -fco permit an opera -tor 
■to control a machine or other device to enter a predetermined 
condition, which may "be an initial condition; search subroutine 33^ 
may "be used to permit an operator to control a machine or other 
5 system by searching for information and programs; and error sub- 
routine 336 may be used as a generalized operator feedback 
indication on system performance, status, and other conditions. 
The flow diagram shown in Fig. 3B is exemplary of a subroutine for 
permitting an operator to manually control or change the operation 

10 of a machine or other device. Similarly, Figs. 3C-3E are 

N 

exemplary of subroutines that may be used to control many 
different types of machines or systems. Further, the subroutines 
shown in Figs. 3F and 3G illustrate computational operations for 
simplifying operation of machines by resolving coordinates, 

15 converting between coordinate systems, eliminating misalignments 
and other such undesirable characteristics and exemplifying 
other computational capabilities. It will become obvious to 
those skilled in the art from the teachings of the present invention 
that the flow diagrams set forth in Figs. JAj-pGx having been 

20 described for a numerical control embodiment to exemplify the 

features of the present invention; are adaptable to many different 
types of control operations. 
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In a control system embodiment having existing wiring, 
such wiring may "be shared between the original signals carried 
by the wiring and by the control signals; thereby further 
enhancing system economy. In one example, AC power plugs 
5 and interconnections in a home embodiment are available in 

virtually every room and may be used for communicating control 
signals. Further, electrical machines are typically plugged 
into the power system. Therefore , the AC power distribution 
network may be shared with control signals to provide a 

10 communication system for machine control. For example, 

signals 126 such as command signals 126A can be communicated 
between the data processor 112 and the machine 124 by modulating 
a carrier and impressing this carrier on the AC power 
distribution line. Machine 124 may include a well known 

15 coupler and demodulator to receive the digital signals transmitted 
on the power network. 

Communication through the power distribution system is 
well known in the intercom art for communicating voice 
information. Therefore, communication of digital information 

20 can be provided in the same manner. Digital information is 
easier to transmit than voice information, where digital 
information involves only two states and the voice information 
. involves a continuous amplitude spectrum, as is common with 
analog signals. Therefore, well known prior art power line 

25 modulation arrangements may be used to provide the communication 
capability described herein. 

Therefore, transmission device 12? may be a well known 
arrangement including devices for modulating a high frequency 
carrier (such as lOKHz to lOOKHz) with digital signals and for 

30 coupling the modulated signals onto the power line such as with 
a coupling transformer at the transmission source and including 
devices for coupling the signals off of the power line at the 
destination such as with a coupling transformer and for 
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demodulating signals at the destination to obtain the 
transmitted digital information. An embodiment is discussed 
herein for transmitting information on a single transmission 
line for a teletypewriter arrangement and for a machine 
5 communication arrangement,- where the transmission and receiving 
of self -synchronizing signals are discussed in detail therewith 
for a preferred embodiment and is known in the art for prior 
art embodiments. Therefore, self -synchroni zing data may be 
transmitted between system 100 and machine 124 using a single 

10 pair of power transmission lines without the need for clock 
signals. As an alternate embodiment, data and clock signals 
may each modulate different subcarrier frequencies, where 
both the data subcarrier and the clock subcarrier may be 
impressed upon the power line, received at the destination 

15 and demodulated to provide separate data and clock signals. 

A data transmission arrangement using a gated clock signal is 
discussed herein for the data pipe shift register embodiment 
and for the gated clock arrangement of the present invention. 

The interface arrangement set forth in Figs. 5A-5D. 

20 9A, and 9B have been described for a machine tool embodiment 
to exemplify the present invention. It is herein intended 
that the machine tool embodiment be exemplary of the broad 
scope of the present invention for controlling physical systems 
and, in particular, various types of machines. For example, 

25 the tape reader control signals in the C-Register 5&0 can be 

used to control other machines such as a washing machine. The 
C15Q signal may be used to start and stop the wash cycle, the 
CT4Q signal may be used to start and stoo the soin cycle, and 
signals Cl4Q-,Cl6Q may be used to control various other machine 

30 devices such as a pump, a hot water intake valve, a cold water 
intake valve, and various other devices exemplified by the 
machine. Further, as discussed for a machine tool embodiment, 
C-Register 560 may be physically mounted in the machine 124 




and may be loaded from -transmitted information which may 
be transmitted over the power lines as discussed above. 
Logic gates 552 are provided for gating other clock signals 
to other shift registers for shifting the AOQ signal into 
5 such other registers, as illustrated in Fig. 5A for the 

C-Register 560. Similarly, input information is obtained by 
shifting data from such other registers with the gated clock 
signals obtained from logic gates 552 through logic selection 
gates 553 into an input register such as the A-Register in 

10 the data processor. Still further, discrete outputs to 

machine 124 such as DO signals from logic gates 551 and discrete 
input signals such as DI signals into logic gates 550 provide 
control and machine communication. Yet further, parallel 
input logic 562, 564 and 566 and parallel output register 568 

15 may be used to control other types of machines. Although the 

machine input signals 126 to logic gates 564 have been described 
for a machine tool embodiment, it is herein intended that these 
signals be usable for other types of machines such as the 
washing machine described herein. Still further, select 

20 decode 680 has been described for a turret select but may also 
be used for a mode select such as for a washing machine to 
control the solenoids and actuators for controlling devices 
generating operations such as wash modes, spin modes, drying 
modes, and other such operations. 

25 The interface arrangement shown in Figs. 9A and 9B 

may be used with a machine such as a washing machine wherein 
interface 940 may include the power line transmission arrangement 
discussed above. Command registers 906 and 920 and sample 
registers 910 and 924 may be configured in various arrangements 

30 to implement an interface with other types of machines such 
as a washing machine. Yet further, the generation of a 
sequential stream of control signals has been described above 
with reference to Figs. 9A and 9B exemplary of a self -synchroni zing 
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data stream such as might "be usable on a single transmission 
line arrangement like an AG power line. 

The flow diagrams of system operations set forth in 
Figs. 3A-3G and 8A^8C are applicable to a general machine 
5 arrangement such as a washing machine arrangement. Although 
the flow diagram set forth in Fig. 3B has been described with 
reference to a spindle of a lathe, it is applicable for control 
of another machine operation such as for control of the rotating 
element in a washing machine, for control of the shaft of an 

10 automobile, and, consistent with the broad scope of the present 
invention, for control of operation of a generalized machine 
element with various sequencing and control operations. 

The elements and cooperation between elements described 
for the embodiments of the present invention are discussed 

15 herein for a preferred ambodiment to exemplify the inventive 
features, where these inventive features are intended to be 
generally applicable based upon the broad scope of the present 
invention. Further, many of the features have been described 
independently for simplicity. It is herein intended that the 

20 various features discussed shall be usable in combination to 
provide a system with various combinations of these features. 
For example, a control panel has been described for one embodiment, 
a machine interface has been described for a second embodiment, 
and transmission line communication with a washing machine has 

25 been described for a third embodiment. It is herein intended 
that the control panel, interface communication, transmission 
line arrangement, and washing machine be combinable in an 
embodiment using combinations of the features described herein. 
Similarly, any features described with respect to one preferred 

30 embodiment are intended to be equally usable in various 

combinations therebetween and in other embodiments, wherein the 
structure and operation for other combinations and with other 
embodiments will become obvious to those skilled in the art 
from the teachings of the present invention. 
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{ Machine And Control Unit Communication ^ 

Transmission of data through cabling and across an 
interface may cause problems for high speed digital data. 
Therefore, an arrangement is discussed that provides low 
frequency data and clock signals between a computer 112 and an 
5 interface register. These low frequency data channels can be 
orovided with various arrangements such as (l) auxiliary 
registers and (2) discrete input and discrete output computer 
instructions . — 

In prior art computers , data transfers are performed 
10 in parallel to enhance computer speed. Also, in prior art 
machine control systems , jthe machine condition 

signals 126B are communicated . between the machine 124 and the 
control 100 in parallel data form. Parallel data transfers 
require an excessive number of lines and associated electronics 

15 such as line receivers and line drivers. Therefore, a preferred 
embodiment of this invention uses serial data transfers between 
electronic subsystems and also provides a serial data transfer 
arrangement between the control subsystem and the machine . Serial 
data transfers are intended to mean sequential data transfers. 

20 of a plurality of bytes, where the preferred embodiment discussed 
herein provides serial data transfers of sixteen single-bit-bytes 
per word. 

The auxiliary register embodiment, illustrated in 
Fig. 9A, provides buffer registers 906 and 910 that are loaded 

25 at a first data rate and unloaded at a second data rate. For 
example, computer output command words 904 are loaded into the 
auxiliary register 906 at the high computer clock rates and are 
unloaded at low interface clock rates while computer input 
sample words 908 are loaded into the auxiliary register 910 at 

30 the low interface clock rates and are unloaded at the high 

computer clock rates . The data processor 112 provides command 
signals 900 to an auxiliary register control 902 to control the 
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"transfer of high data rate output command words from the computer 
112 along line 90^ to the command register 906 and to control 
the transfer of high data rate input sample v/ords from the sample 
register 910 along lines 908 to the computer 112. Also, the 
5 auxiliary register control 902 controls the transfer of low 
data rate output command words from the command register 906 
to the machine interface 302 along lines 912 for machine control 
and also the transfer of low data rate input sample words from 
the interface 302 to the sample register 910 along lines 91^ 
10 to define machine conditions. 

This auxiliary register interface embodiment can "be 
the same as described for the servo commands in the parent 
applications, where the computer 

loads servo commands into the auxiliary A register and/or unloads 
15 servo data from the auxiliary /^register, then generates a discrete 

output instruction such as a DC-13 instruction to initiate the 

off-line operations at the servo clock rates. 

For parallel computer input/output structures , the 

operation of parallel-to-serial and serial-to-parallel conversions 
20 can also be provided with the auxiliary registers 906 and 910 

in addition to the data rate conversion for the communication 

function. 

Discrete output and discrete input instructions can be 
used to communicate with an interface register in much the same 
25 manner as discussed for the 110 baud auxiliary channel -for 
communication with a typewriter described, in the parent 
applications . 
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For* "this interface embodiment, the computer 112 will 
clock the selected interface register with a discrete output, 

which can be used in place of the previously discussed 

0V/-8 clock signal, to load each command bit into that interface 
5 register, which may be the A Q Q bit as described for the typewriter 
embodiment, and/or to make a new bit available at the output 
of that interface register which can be sampled with a discrete 
input instruction. 

This embodiment is illustrated in Fie; . 9B. The interface 

10 command register 920 is used to provide command conditions 922 
to the machine 124 and the interface sample register 92*4- is 
used to sample machine conditions 926 and provide these conditions 
to the computer 112. 

The computer 112 initiates an input sample operation 

15 with a discrete output instruction which generates a D0-7 

command pulse 928 to command the loading of the machine conditions 
926 into the interface sample register 924; then the computer 
112 clocks the sample register 924 with discrete output 
instructions which generate D0-3 command pulses 930. The computer 

20 samples the output 932 of the sample register 924 with a skipg? 
on-discrete-2 (DI-2) instruction after each discrete output/ 
clock instruction and packs the new machine sample condition 932 : 
into a machine sample word under program control. The computer 
112 samples all of the machine conditions in register 924 in 

25 sequence in this manner. 

The computer 112 initiates an output command operation 
by packing the discrete command conditions into a discrete 
command word, then loading this packed discrete command word 
into the interface command register 920. . This loading operation 

30 is performed by placing the command word in the A-Register 

so that the least significant bit of the A-Register (A Q Q) 934 
is presented as the input to the command register 920, then 
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executing a discrete output -1 instruction which generates a 
DO-l command pulse 931 to clock the register 920 to shift-in the 
A Q 93^ command bit. The computer then executes a shift right 
instruction to place the next command bit in the A Q Q oosition 
5 and then sequentially executes combinations of discrete outout -l 
instructions and shift risht. instructions until the command 
word in the A-Register has been clocked into the command 
register 920. 

In another embodiment, the discrete output -.3 (DC-3) 

10 pulse 930 can simultaneously clock both, the command register 

920 and the sample register 924 to simultaneously input a sample 
bit and output a command bit. The computer 112 interleaves 
the input sample operations and the output command operations 
as will be obvious to those skilled in the art. 

15 It can be seen with reference to Figs. 9A and 93 

that a low data rate interface 930 and serial multiplexed 
communication exists for each embodiment discussed, thereby 
providing the advantages of few interconnections and low data 
rate signals between the computer subsystem 112 and the machine 

20 subsystem 12^. 

The "data pipe" arrangement will now be discussed. A 
data pipe concept is illustrated in Figs. 5A and 6 with the 
C-Register 585 and C-Register extension 670 . The computer 
A-Register is a 16 bit register; described in the parent 

25 applications ;~ yet the interface registers, 

such as the C-Register that communicate with the A-Register 
may be of greater length. The combination of the A-Register 
and the C-Register comprises a data pipe, where the C-Register 
may be sequentially loaded from the A-Register with parameters 

30 output with sequential EX instructions to load these sequential 
parameters into the interface register and/or to sequentially 
unload the interface register into the A-Register. The length 



• 


or "the interface register is virtually unlimited, where a seque 
oT many l6 "bit words can be clocked into or clocked out of 
the interface register. This data pipe concept is further 
illustrated with the servo registers where the three servos 
channels , the common board and the A-Register are serially 
connected as a "data pipe", as illustrated in the parent 
applications. Data passes from the 

A-Register and is input to a register of the X axis servo 
through I/O channel -2. Data then nasses from the X axis servo 
to I/O channel -2 of the Y axis servo. Similarly, data oasses 
out of the Y axis servo into the Z .axis servo and out of the 
Z axis servo to the common board and back to the A-Register. 
Thus, communication is provided between the data processor, 
the three servos and the common board. 

The interface registers are shown as shift registers, 
where the output states go through loading transitions as the 
register is asynchronously preloaded or synchronously shifted 
such as with the C-Register 560. Typically, the transient 
nature of these transitions are fast enough so that they will 
not effect electro-mechanical devices such as relays. If high 
response equipment senses these register outputs, such as solid 
state electronic circuits , it may be necessary to eliminate 
this transient condition. This can be accomplished with logic 
shown in conjunction with the Z-Register 5^8, where the bit 
time signals 30 through Bll gate the clocks to each flip-flop 
2 11 " throu g n z so "that the flip-flops will be clocked when the 
corresponding data bit A Q Q is shifted out of the 
A-Register of the computer 112. Therefore, the Z-Register 
outnut lines YX,l-jYL5. XLl-rXL5. and MFE will change only between 

« id 

the last commanded state and the new commanded state without 
going through transient preload or shift states. 
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6^ l Mff Servo Description 

^? A description of the interaction of the data processor 
with a preferred embodiment of the servo arrangement for the 
system of this invention will now be provided. A detailed 
5 description of the servo arrangement is provided in the parent 
applications , which have been incorporated by reference, y^- — 

An apparatus and method is presented wherein a 
digital device precisely controls a path of an analog device. 
By providing integral path defining commands with an 
10 independent variable resolution finer than . the resolution of 
the analog device with respect to that variable, the digital 
device is able to drive the analog device along a smooth* but 
precisely controlled path substantially without discontinuities 
associated with the digital commands. 
15 In a servo control system in accordance with the 

invention, a general purpose stored program computer generates 
integral commmands to control a multi-axis servo system. The 
computer can operate open loop to command the execution of 
predefined commands as in a numerical control system or can 
20 operate closed loop to provode a response to parameters of 

controlled analog devices. The analog device itself may operate 
open loop or may have a closed servo loop using analog or time 
domain feedback signals. 

The use of integral commands/and time domain signals 
intrinsic to both the digital and analog domains permits the 
elimination of expensive analog to /firgl/tal converters , digital 
to analog converters and digital y^ffe^ert€ial analyzers. When 
a time domain integral command /sifgnal is compared with a time 
domain feedback signal, a very/ ypreeis4^ime domain error signal 
is attained from which an analog control signal may be 
| generated simply and inexpensively/ 


The use of integral 


Lyc^mmands provides substantial 
a advantages when applied \6 a servo control system. Because 


each integral command can substanially resolve the relative 


slopes of "the controlled axes, -the conunands can be presented 


in real -time at a rate commensurate wi 


fch the response rate of 


the controlled mechanism and substantially independent of the 
slopes being resolved. In contrast, presently known systems 
5 require a data rate commensurate with jthe resolution of the 

system, as for instance one part in 10,000, which is substantially 
greater than Ihe rate required for integral commands. 

A stored program digital computer in accordance with 
the invention provides integral commands between set points to 
10 define a precisely controlled path. /These integral commands 

may be provided directly as a time domain signal in the form of 
a phase referenced square wave. Alternatively, the computer 
may provide digital integral commanjfis fromwhich the time 
referenced square wave command signal^ls readiily generated. 
15 'The phase referenced square wave/cpmraandj signal is compared 


ery precise time 
of an asymmetrical 
commands at a rate which 


with similar feedback signals^/to produce 
domain error signal which may take the f > 

square wave • By providing /the integral 

/ / / i 

exceeds the time resolution or response /rate of^the servos, a 

20 smoothing or filtering effect ia£ attained wherein the servos 
follow the discontinuous integijal commands ^ith a smooth path 
closely following _the intermediate conim^anded points. 

A system is presented wherein a digital device controls 
an analog device to cause sysrcem variables to define precisely 

2 5 controlled paths substantially free of the discontinuities 

associated with the digital /commands. This freedom from dis- 
continuities will exist whe A the resolution of the independent 
variables is finer than the resolution of the system with respect 
to those variables . The dependent variables are system conditions 

30 which are being controlled and the independent variables are 
controlling system condi/tions. A dependent variable might be 
a system condition such/ as pressure or temperature or it might 
be the status of a mechanism with respect to an axis, such as 
position, velocity, or/ acceleration. An independent variable 

35 might be time, a system condition or the status of a mechanism. 
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In accordance with -the invention, a data processor 
operates under program control to generate integral commands 
precisely controlling the position /of a multi-axis servo with 
respect to time. Each integral command completely defines the 
relationship of each axis with respect to the other axes and 
with respect to time. By generating path defining commands 
with a time resolution equal to ctr finer than the time 
resolution of the analog, device ,/ the discontinuous integral 
commands are smoothed by the integrating or filtering effect 
of the physical inertia and electronics of the analog device. 
As long as the rate at which an analog system can respond to 
a command is substantially equaled or exceeded by the rate at 
which integral commands are generated , a nd if the magnitude 
of the commands does not excejbd the^\respons^ capability of the 


system, the actual path will /closely 
commands • 



the integral 


Communication between digital and analog devices is 


provided with time domain signals irtrinsic to both the digital 
and analog domains. These /time dome irT~si-gnals contain a very 
precise information contenit and can /be manipulated with relatively 
simple equipment without moss of precision. They may also be 
used to easily generate signals in /the analog or digital domains. 
As disclosed herein, intefgral time domain command signals may 
be generated -directly by/ a computer or by a command structure 
in response to digital integral number commands generated by 
the computer. Time domain position feedback signals are 
generated directly by a properly excited analog resolver. 

- - Although many different arrangements will become 
obvious to those skilled in the art, in the preferred embodiment 
-of- this invention a/phase referenced square wave signal is 
generated directly /by a digital computer under program control. 
The phase referenced square wave signal is a time domain signal 
and provides integral path defining commands to a closed loop 
square wave servo • 
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As an alternative arrangement shown in Fig. IB, the 
data processor 112 receives a square wave position signal, a 
position error signal, and a velocity /signal 123 to form a closed 
digital loop. The computer is responsive to discrete inputs 
with the Skip-On-Discrete instructions to precisely measure the 
duration or phase of these feedback/ signals and process them as 
digital integral numbers. Because /the data processor 112 is now 
in a closed loop it can utilize thte feedback signals to modify the 
integral commands and control the /servos 120-122 as an adaptive 
controller. Use of adaptive control permits precise control 
over the instantaneous position efrror of each axis such as by 
varying the gain of a power amplifier. 

Independent of the advantages attained by placing the 
data processor 112 in a closed Joop, direct communication between 
-the data processor and the servi in the time domain permits most 
components and operations of the command structure to be 
eliminated. By using the data/ projcesfsor 112 to perform additional 
real time operations, the c^mjhand structure may be reduced to 
a reference square wave generator a flip-flop, which serves 

a function similar to the f Vip-f ^v/jL^O shown in Fig. 6 of parent 
application, APPARATu/ AND AeTHOD?OR INDUCING HIGH REGISTRATION 
PHOTO-MASKS. All square wives iryblud^ng the reference and 
command square waves may be derived in this manner. 

The data processor /L12 is responsive to the reference 
square wave as well as t/he feedback signals as discrete inputs 
and clocks a toggling f^ip-flop such as flip-flop I 2 with 
discrete outputs. Theyfee discrete outputs are synchronized with 
a reference squarewavife and have a selected phase relationship 
indicating a commanded position. 

Additionally, the data processor 112 may be programmed 
-to provide time dort/ain error signals by toggling a flip-flop 
I 3 using a technique similar to that used to generate the 
position command /signal in conjunction with flip-flop I 2 • 
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The pulse width square wave signal Ls communicated -to 
a digital to amplitude converter which generates the servo 
control signal. This time domain error signal may be provided 
either as an override of the normal time domain error signal 


under aioDrooriate circumstan 


lieu thereof with the 


s-^pr i)r 

comparator circuits being .co'mpleteXy eliminated. 

Additional circuits raay bejused to reduce the task of 


the computer in generating comman/ signals and sensing feedback 
signals. For instance, a'^cbun/ter may be used to measure or 
control the time between square wave transitions for phase or 
pulse width signals. 
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General 


From the above description it will "be apparent that 
there is thus provided a device of the character described 
possessing the particular features of advantage before enumerated 
as desireable, but which obviously is susceptible to modification 
in it's form, method, mechanization, operation, detailed construction 
and arrangement of parts without departing from the principles 
involved or sacrificing any of its advantages. 

While in order to comply with the statute, the 
invention has been described in language more or less specific 
as to structural features, it is to be understood that the 
invention is not limited to the specific features shown, but 
that the means, method, and construction herein disclosed 
comprise the preferred form of several nodes of putting the 
invention into effect, and the invention is, therefore, claimed 
in any of its forms or modifications within the legitimate 
and valid scope of the appended claims. 


l/0 

-21 


